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MICT

Tbe objectives of this project were: (1) to obtain

quantitative collections of fallout to determine mass

per unit area, ionization decay rates, and size-activity

relatiovlships; (2) to compare radiochemical, chemical,

and physical properties of environmental surface material

and fallout mterial; and (3) to measure, during fal' wt,

tie radiation dose rate and accumulated integrated 4oseb

with tiir. without discriminating among initial, teensit,

and deposited radiation sources.

All sixteen of the stations in the array received

measurable amounts of fallout. Quantitative measurements

of fa!loui ',ss per unit area, ionization decay, and size-

activity relationships are tabulated for most of the sta-

tions. Rediochemical analyses of 46 scmples for as mnin

as 13 radicnuclides are tabulatt: and indicate the expected

amount of fractionation for the typt. of weapon used.

Particle studies on selected samples show tl.V from 0 to 50

percent of the particles in a sample are radicactive•,•nd

comparative photomicrographs and autoradlographs of char-

acteristic particles are shown. Selected perticles with

different physical properties showed identical Sam.a-ray

5
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spectra when subjected to leaching and exchange experi-

ments, indicating the need for further study of the

"amechanism of fallcut formation. Neutron-induced Ne.24

predominated in earLy-time ganmm-ray spectra. This

ýi-icates an efficient coupling of the neutron flux of

the subsurface weapon with the Na 2-producing =aterlals

contained within the crater volume.

Dose rate and dose histories were well documented

at most stations and are presented in graphic and tabular

form. Some inaccuracy of th-, tr.e gamna-dose values

exists because of uncertainty in initial eaum-dose

determ•mat.on due to terrain shielding and weapon deto-

nation geometry. Mos' of the fallout was dowi: at the

array stations in less than one heur and the dose rate

curves at most stations show similar decay rates

approximating t"1.2.
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CHAPT'ER 1

f•NTlMDCTION

1.1 OBJECTI'VES

The specific obje.ztives of this project were (1) to

make quantitative collections of fallout from a low-yield

tactical weapon in order to determine mass per unit area,

ionization decay rate, and size-activity relationships o.t

sixteen selected locations in the predicted fallout Ist-

tern within one mile of ground zero; (2) to analyze and

compare radiochemical, chemical s'nd pWysical properties

of fallout material with those of the environmental sur-

face material; and (3) to measure, during fallout, the

radiation dose rates and accumulated dose with time near

each of the sixteen collection stations without discrimi-

nating among initial, transit, and deposited radiation

sources.

1.2 BACKGROUND

Starting with Operation Greenhouse in 1950, the U.S. Naval

Radiological Defense Laboratory (NRDL) has participated in

fallout programs of most of the weapons tests to date and has

contributed to the present understanding of many of the aspects

of initia! gamma radiation, fallout formation, transport,

deposition and gamma radiation fields.

13
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Data on radioactive fallout prcd.uced by

nuclear explosions provide useful information leading to

the effective development of countermeasu'es. The data

nmay be divided into four study areas: (1) the formation

of fallout; (2) the distribution of fallout; (3) the

radiological exposure environment; and (4) the alteration

of exposure environment by countermeasures.

Theoretical studies, data compilations, or empirical

generalizations of experimental data in each of the four

study areas may be considered in terms of a thermochemical

model of the fallout formation process, a meteorological

model of the distribution process, a hazard model of the

exposure environment, and a countermeasure system model

that can be used to change, in a desired vay, the exposure

environment. The collections,.field measurements, and

sanmple analysis of this project contribute most directly

to the fonration or evaluation of the theoretical or

empirical models in all the above areas.

The present plan, based on extensive past experi-

ence, was intended to provide data on radiological,

pbysical, and chemical properties of fallout at a

limited number of sampling points for a weapon and

environment different from Shot Small Boy. The opportun-

ity to participate in as many different events as possible

provides v-luable data for the determination of fallout

characteristics. 14
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CHAPTER 2

PROCEDURE

A successful fallout collecting and analysis project

requires the satisfactory solution of several problems:

(1) locating of measurement stations within the fallout

pattern, (2) selection of instrumentation to cover the

range of expected measurement values and meeting opera-

ticnai requirements of instrument and fallout collector

placement and recovery during variable preshot times ard.

postshot times Vhen control of radiation dose to recovery

personnel is of prime importance, (3) determination of the

best sample handling and analysis techniques in the field

and at the home laboratory: and (4) processing of the data

to achieve the objectives of the project.

2.1 PMANING

5he greatest uncertrdnty in any falcict collection

project lies in the proper placement of the collectors to

be within the fallout pattern. The meteorological factors

affecting the fallout distribution process are difficult

to predict far in advance of shot time. Difficulties

ouch as delay of shot time and law priority of the fall-

out project have added to the problem of proper collector

15
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placement.

In an effort to obtain greater reliability in proper

collector placement in the present project, careful con-

sideration was given to estimating the meteorological

factors. From wtather records, seasonal trends in wind

structure were establishedand a computer-programmed

fallout model developed by NRDL (Reference 1) was applied

to predict probable fallout patterns. In addition to the

long-term fallout pattern predictions based on seasonal

wind trends used for the placement of fallout collectors,

it vas planned to telephone wind data at shot time for

computer input for a prediction of the actual fallout

patterns. The dual purpose of this vrocedure was to pre-

dict radiation-intensity patterns that could facilitate

planning of sample-recovery procedures.,and to check the

validity of the fallout model.

2.2 STATION ARRAY

Figure 2.1 shows the fallout-collection station

array in relation to ground zero (GZ ). The array was

originally a syimetrical arrangement about the 3350 bear-

ing line through ground zero which matched the planning

wind from 1550. As shot time approached, it became

apparent tilat the qyetrical array might not lie

16
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entirely within the fallout pattern and that the pre-

dicted shot-time wind from 2100 might deposit the fall-

out east of the array.

To compensate for this expected change in shot-time

wind the original station array was altered between 0400

and 0600 on shot day. Stations 24, 32, and 34 were moved

to their final locations at the eastern ends of Lines 10

and 2D. In the short time available to move the three

stations, only the GITR's (Section 2.3) and the fallout

collection trays were moved to the new locations and set

up,as will be described later.

Table 2.1 presents data on the final station array.

It should be noted that ground zero was not visible from

ll of the 16 stations because of the roughness of the

terrain, j fact that contributed to uncertainties in esti-

mating initial radiation. The elevation above ground zero

at each station was measured with a standard aircraft

altimeter to an accuracy of + 10 feet. Elevations of

Stations 24, 32, and 34 were not measured at their final

locations.

2.3 INSMUMMTION

Several instruments were used at each of the 16

station locations for the determLination of fallout cherac-

17
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teristics. Primary instruments were the always-open (AO)

collector trays which retained fallout samples for post-

shot analysis, and Gamma Intensity Time Recorders (GITR's)

which provided dose rate and dose-versus time recnrds. Second-

ary instruments to substantiate GITR data were self-read-

ing pencil dosimeters placed with each GITE to reord total

dose eccumulated to time of recovery,,and radiac survey

meters carried by the recovery crewsjwhich measured dose

rates at recovery time for each station.

2.3.1 Basic Fallout Collectors and Platf'om (Fig-

ure 2.2). The basic always-open fallout collector (AO) was

a #16 gage aluminum tray 24 inches by 24 inches by 2 inches

cleep. An insert of venetian-blind louvers, especially

developed for Operation Sun Beamnby 14RDL (described In

Appendix B) was rrovided to elinate bounce-out of large

particles and minimize the loss of fine particles by the

creation of dead-air cells in the tray. The cover, employ-

ing a sponge-rubber gasket, provided a dust-tight closure

during transport from the fallout-collecting station to

tLe sample-analysis laboratory.

The wooden platform supporting the basic collector

trays was 20 feet by 12 feet by 6 inches, leveled and

oriented with the 12-foot edges in a north-south direc-

18
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tion. The top surface of the platform was l/2-inch-thiek

Douglas fir plywood with a recess at the center of the

north half (downwind and away from ground zero) to receive

a standard NRDL open-close collector. Around the outer

rim r the platform was a 2-inch-high sbheet-metal angle

enclosing a 2-foot-wide zone of dumy .ouvtr sections,

similar to the tray inserts mentioned above. This du=W

sectiontogether with the inserts in the collectlon traysq

eliminated edge effects and presented a uniform louvered

surface, opening toward ground zero. Caly the center por-

tion (with trays) was used for the actual collection of

material for analysis. Each of the trays was held firmly

to the platform in its proper location by four spring

holddown hooks screwed into the platform. Plormally, ten

trays were used plus the open-close collector, but in this

case one tray vas deducted for Sedan-event collection and

the open-close collector was not available because of pre-

vious conmitments to Project 2.9, Shot Small Boy. This left

a total of nine trays per station which were arranged to

fill all the spaces except the northwest corner position

and the ope closc collector recess. The trays wrre numbered

1 tbrough 9 starting with 1 at the southeast corner of tA.

3 x 4 tray array. TV efirst row had Trays 1, 2, and 3; the
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second row had 4, 5 ar~d 6. behind 1, 2, and 3, respec-

tively; the third row bad 7 and 8 behind 4 and 6; and the

fofrth row had only one tray, No. 9, behind 7.

Statione 24, 32, and 34, which were relocated during

the 040o to 06D0 period on shot day, consisted of niLne col-

lector tr-as in a squa&re array in'the center of an 8-foot

sqýare panel of hardboard laid on the ground to conform with

the terrain. They were not level, did not have the dumnW

louver bord'-, and the trays were not held down. But, as

with the unmLov stations, the trays were oriented so that

the louvers opened upwiii toward the south and ground zero.

They were numbered from east to west as above in three

rows from south to nuitfi: 1, 2, and 3; 4, 5 and 6; and 7,

8, and 9.

2.3.2 GITR Description and Installation. The NRDL Gamma

Intensity Time Recorder (GITR ) Model 103 (Reference 2)

(Figure 2.3) is a self-powered device consisting of a de-

vector unit and a recorder unit. The detector unit consists

of two concentric ionization clhambers with associated re-

cycling electrcmeters. During this operation, the detector

unit was mounted inside the case. A given increment of

gamm-radiation dose discharges the ionization chamber and

causes the electrometer to send a pulse to the recorder
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and to recharge the ionization chamber. The pulses are re-

corded as on-off information on two channels (high and ocw

range) of magnetic tape while a timing pulse is recorded on

a third tape channel. A suitable readout mechanism is used

to superimpose the data and time channels and provide dose

rate and integrated dose versus time.

The GITR's were placed 10 to 30 feet from the collector

platforms at each station. At six of the stations close to

ground zero the GITRts were fully shock-mounted. At the

remainder of the stations the GITR's were tied on wood plat-

forms wired to metal stakes. Direct-reading pocket dosi-

meters (200-r and 600-r range) were placed inside each

'-TTR case to determine, qualitativel.y, if radiation was

received.

The starting signal for the GITR's was provided by

Edgerton, Germeshausen, and Grier (EM&G) at minus 30 sec-

onds through a bard-wire connection. Station 24, 32 and

34 GI-TH's, which were relocate:/ shortly before shot time,

were eenually started at 0559 hours on shot day by the

three teams which relocated and armed the stations.

21

SECRET



2.4 oPERTIONI IN TW I.LD

FiefLd operations involved creshot preparation of fall-

ou4 collectors and instrumentation and prompt postshot

recovery of fallout samples for analyses before radioactive

decay diminished their value as , source of data. Iabora-

tory equipment in the field was essential for the radiolog-

ical assessment cf each sample recovered and to perform

certain analyses that could not uait until the samples were

returned to NFD,.

• .. 1.l Preshot Operatiotu. T'bhe basic collector trays

were irstaled on the platform by D-2. No covering for the

trays was provided because the soil was well stabilized and

the access zroda were far enough removed so there was mini-

mal preshot debris collection in the trays. The tray

covers and cover clips were stored in a ten-traq box at

each station dovnwind from the plstform. ID.,* box ws

vrapped in polyetbylene sheeting to minimize .ontamfrmtion

of the sample processing area after recovery.

le GITR's were cbecki and armed between 0300 and 06O0

on shot day. The self-reading pocket dosimeters were zeroed

and a final readiness check of each station was made. Sta-

"tior- 24, 12, and 34 were moved an described above.

2.4.2 Postshot Recovery. Usin6 early-time radiation-
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survey information obtained by other projects as a guide,

initial penetration of the radiation area was made from

the west side of the array at Station 22 at 16D0 hours on

shot day. .nc recovery team was able to recover sample

trays at Stations 22, 20, and 30 before being obliged to

leave the radiation area and in order to remain within

prescribed radiation dose limitations. Having established

the general radiation intensities for the area, additional

recovery teams were able to collect sample trays from Sta-

tions 01, 02, 32, 11k, 24: 32, 33, and 34 for a total of

eleven stations recovered on shot day. Because of high

radiation levels, the remaining stations were left to

decay Iurther before recovery.

On D+l day, sample trays at Stations 13, 21, 23, and

31 were recovered for analysis, but the sample rediation

level was too high (over 4,000,000 counts/min) for immedlate gross

counting of the trays. The GITR's were recovered from all

stations but 11, 13, and 21 on D+1 day. The recovery of

sample trays at Station l1 and the thhree remaining G!TR's

was made on D+6. All samples snd GITR's recovered were re-

turned to the field laboratories for analysis and evaluation.

Arrangements were made with Los AMamos Scientif~ic

laboratory (IASL) to obtain cloud sa-mples fror B-57 air-
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craft operating from Iralan Springs Air Force Base. Cne

quarter of tVie total of each of two seruples oblaIned frra

nloud p.netrations at 11,000- and 14,O00-foot altitudes

at H+,00 minutes was returned to NMDL for complete rad•io-

chemicl analyses. Swatch samples from tli eoud~obta4 .ned

at 12,000 feet at H448 irlnatez and 13,700 feet at H-E51

minutes~were used for particle btEudies.

2.4.3 Analytical Fquipment. Etensive loratry

facilities were set up in trailers at the NTS Ocntrol

Point Number One where all the recovered samples were re-

turned for counting and phyzieal and chemical analyses.

The more important pieces of equipment are described belov.

Two types of radiation counters were used to measure

the amount of radiation present in the recovered samples.

The fLrst type, colloquially known as a cathouse counter,

was a chamber large enough to accept the 24-inch coloctor

trays and had two inches of lead shielding on all sides.

Radiaticn from the sample was detecced by a thalliun-acti-

vated sodiLm-todide scintillation crystal, 1-1/2 inch dlia-

meter and 1-wnch thick, mounted in the top faue of the chem-

ber about 3 feet above the sample tray. Pulses from a

photomultiplicr tube coupled to the criszal were preampli-

fied and registered by a Systron scaler during the ciuting-
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time period. All readings were normalized to a standard

responseof 32.100 counts/min for 100 jg of radiuin on the floor of

the counter. This steundardization permitted direct appli-a-

tien, if desired, of the calibration data itr a sin'ilar

counter reported in Reference 3 (Operation Redwing).

The second type of !ounter used was a 4-pi high-pres-

sure-gas ionization chamber (Reference 4) vhieh accepted

samples of 50-cc maximum volume in a 1-1/2 inch O.D. test

tube. Raalatin frcm the sample was detected by a 988-in3

chamber of high-pressure (6)0 psi) argon gas surrounding

the thimble containing the sample. Suitable electroni.:s

was provided to measure the current produced and a 100-Mg

radium standard was tcl po correct sample readings to a

common base for comparison.

Throughout all counting procedures, care was cxercised

to prese.rve low-background count py isolation of the counter

from the sample storage wrea and by packaging of samples to

Drevent contamination of the counter.

Physical properties of the samples wvere determined by

standard •leving techniques using selected sizes of sieves

on a RoThp I machine. laboratory balanceý were used to find

1. Manufactured by W. S. Trler Co., Cleveland, Chic.
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vaight-size relationships and the 4-pi ion chamber was used

to 2-easuee raadictivity-sizt rLlationships of zhe sieved

fziztions. A therumlly Insulatea .mtCr-settlirig column was

used to determine subsieve parti le size distributions.

Samples drarn from a hcmogeneousl]y mixed suspension in the

cclumn of a known amoiunt of su'sieve (< 44 p) fallout particles

at predetermined times corresponding to known particle-size

settling rates were centrifuged~dried and weighed.

A chemistry laboratory in -re trailer was available for

fallout soluoility and leach-ing studies. Results of these

studies were determined ffom h-i_ ionization-c1rmber measure-

n-nts.

2.4.4 Sample Analysis. The following procedures of

sample processing and analysis were used:

'(1) All the basic collector trays recovered from the

field were gross-courted in the cathouse counter. This pro-

vided a preliminary assessment of the sample activity.

(2) One tray from nearly every station was set aside

as a gross decay -ample and counted periodically in the

cathouse counter.

(3) niepcnding upon the station and the amount of activ-

ity and mass in an individual tray, the materia3 from a

single or coxbined trays for each of many stations was

brushed out. It was then weighed and dry-sieved on a Rotap
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.machine, using a nest of standard sieves. E-ach individual

vL reaction was weighed and then measured in the 4-pi ion

chamber to give mass-particle size-activity relitiunships.

(4) The dry-sieved fractions from une tray at one sta-

tion were measured in the 4-pi ion chamber as decay samples.

A second tray fron the same station was decay counted in the

cathouse counter.

(5) Selected naterial from some stations was vet-sieved

and the particle size distribution of the less-than-44-micron

materi.1 vas determined by a water-crlumn settling technique.

The greater-tban-44-micron materia3 was dry-sieved, weighed,

and measured in the 4 -pi ion chamber.

(6) Some of the early recovered samples were analyzed

with a gamm-ray spectrometer to determine the relative

abun&euce of short ba3f-life isotopes.

(7) Samples from some staticas were vet-sieved and

two partle]g sizes were leached in pH 1 TIVI solutions,

pH 6 d- stilled H•O, and pH 10 N&M solutions for differ-

ant uerlods of t Siiar saples were mixed with water

and adobesor v dnd montworillonite ca wAi allowed

to •td for i eren• erioas of time to study the extent

of deswptia f•isio products from fallout particles.
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2.5 ANALYSIS OF SAMPLES RETRJNED TO NRDL

Fallout from 13 basic collector trays in the

highest radiation area was returned promptly to NMDL for

particle and radiochemical studies. Fallout from 4 col-

lectors was size-separated into 9 or 10 fractions. The

remainder were not sieved.

Of the 4 samples which were sieved into fractions,

13 pan fractions were sent to Tracerlab, Inc., for

complete radiochemical analyses ( 17 nuclides) and

23 fractions were sent for partial radiochemistry

(4 nuclides). (See Appendix C.) Eight gross samples were

also sent for partial radiochemical analysis and two cloud

samples received from IASL received complete radiochemical

analysis.

Stanford Research Institute (SRI) conducted particle

studies on one gross sample and two cloud stales.

Appendix C shovs the disposition of all the samples

returned from the field for radiochemical analysis.

Samples analyzed in the field (Section 2.4.4) and field

laboratory equipment (Section 2.4.3) were ultimately (D+30

clays) returned and stcrcd at Camp Parks, California, where

analyses and decay measurements were continued.
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2.6 DATA REDUCTION

Fallout sample analysis data obtained at the test site

and at Camp Parks was transcribed to punched c.rds ror manip-

ulation~and final t'•oulated 14 sachane printouts are in-

cluded in this POR. Cathouse counter and 4-pi iorization-

chamber raw data are tabulated in Appendix D. Corrections

applied to the raw data includeý background, instrument re-

sponse and decay correction to a common time of H+100 hours,

for comparative purposes.

2.6.1 Processing of Dose-Rate Dat%.

The gamma-dose increments recorded on the GITR magnetic

tapes were converted at, NRDL to pwiched tape readout by an

electronic data-reduction system that measured the time

intervl. between dose increments (Reference 5). The punched

tape in turn was converted to IM magnetic input tape by a

data translator. This input data, along with calibration

corrections, was then processed by NRDL's IBM-704 computer

to provide printouts of cose-rate histories and accumulated

doses. The printout data was then examined and culled of

anomlies. TMe first few seconds of recorded data were also

converted onto oscillograms so that this data could be

examined in detail. Finally, the printout and oscillograms

were reeolved to provide continuous dose-rate data with

respect to accurate time.

29

SECRET



The instrumentation employed did not recor4 the initial

radiation and an estimate of its contribution to the total

dose is not possible. This is because in cases where grouni

zero was visible from the station, instrument sati-ration -wte

the value uncertain. From stations where ground zero was not

visible there was an additional effect due to the attenuation

of initial radiation by the terrain.

2.6.2 Support From Other Projects. To increase data-

reduction efficiency and to provide a uniform presentation

of data from several events, a joint effort by Jobnie Boy

Project 2.9, Small Boy Projects 2.9, 2.10, and 2.11, and

Sedan Project 62.90 was initiated. This effort permitted

considerable specialization in handling certain types of

data common to all the events and resulted in an overall

saving in time and manpower.
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rachine, using a nest of standard sieves. Each individual

size fraction was weighed and then measured in the 4 -pi ion

c hamber to give m.ass-particle slze-activity relationships.

(4) The dry-sieved fractions from one tray at one sta-

tion were- measured in the 4-pi ion chamber as decay samples.

A second tray frow the same station was decay counted in the

cathouse counter.

(5) Selected material from some stations was vet-sieved

and the particle size distribution of the less-than-44-mLcrcn

material was determined by a water-colunn settling technique.

The •reater-than-44e-micron material was dry-sieved, weighed,

and measured in the 4-pi ion chamber.

") Some of the early recovered samples were analyzed

with a gem-ray spectrometer to determine the relative

abundance of short balf-life isotopes.

(7) Samples free, some stations were wet-sieved and

two particle sizes were leached in pit 1l CI solutions,

rp1 6 distilled H2 0, and pit 10 NaO solutions for differ-

ent periods cf time. Similar samples were mixed with water

and adobe~or vater and montnorillonite cla, and allowed

to stand for different periods of time to study the extent

of desorption of fission products from fallout particles.

27

SECRET



2.5 ANALYSIS OF SAMEPIES R TO NIML

Fallout from 13 basic collector trays in the

highest radiation area was returned promptly to NRDL for

particle and radiochemical studies. Fallout from 4 col-

lectors was size-separated into 9 or IC fractions. i.e

remainder were not sieved.

Of the 4 samples which were sieved into fractions,

13 pan fractions were sent to Tracerlab, Inc., for

eomplctc radiochemical analyses ( 17 nuclides) and

23 fractions were sent for partial radiochemistry

(4 nuclides). (See Appendix C.) Eight gross samples were

also sent for partial .adiocheminlre analysis and two cloud

samples received from IASL received complete radiochemical

analysis.

Stanford Research Institute (SRI) conducted particle

studies on one gross sample and two cloud samples.

Appendix C shows the disposition of all the samples

returned from the field for radiochemical analysis.

Samples analyzed in the field (Section 2.4.4) and field

laboratory equipment (Section 2.4.3) were ultimately (D+30

days) returned and stored at Camp Parks, California, where

analyses and decay measurements were continued.
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2.6 DATA DUCTiON

Fallout sarple analysis data obtained at the test site

and at Camp Parks vas transcribed to punched cards for manip-

ulationpand final tabulated IN machine printouts are in-

cluded in this POR. Cathouse counter and 4-pi ionization-

chamber raw data are tabulated in Appendix D. Corrections

applied to the raw data include background, instrument re-

sponse and decay correction to a common time of H+1O0 hours.

for comparative purposes.

2.6.1 Processing of Dose-Rate Data.

The gamma-dose increments recorded on the GITH magnetic

tapes were converted at NRDL to punched tape readout by an

electronic data-reduction system that measured the time

interval between dose increments (Reference 5). The punched

tape in turn was converted to IEM magnetic input tape by a

data translator. This input data, along with calibration

corrections, was then processed by NRDLs IM-704 computer

to provide printouts of dose-ia.'e histories and accumulated

doses. The printout data*was then examined and culled of

anomalies. The first few seconds of recorded data were also

converted onto oscillograms so that this data could be

examined in detail. Finally, the printout and oscillograms

were resolved to provide continuo s dose-rate data with

respect to accurate time.
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The instrumentation employed did not recor4 the initial

radiation and an estimate of its contribution to the total

dose is not possible. This is because in cases where ground

zero was visible from the station, instrmaent saturation made

the value uncertain. From stations where ground zero vs not

visible there was an additional effect due to the attenuation

of initial radiation by the terrain.

2.6.2 Support From Other Projects. To increase data-

reduction efficiency and to provide a uniform presentation

of data from several events, a joint effort by Jolmie Boy

Project 2.9, Small Boy Projects 2.9, 2.10, and 2.11, and

Sedan Project 62.90 vas initiated. This effort permitted

considerable specialization in handling certain types of

data common to all the events and resulted in an overall

saving in time and manpower.
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TABLE 2.1 STATION ARRAY DATA

Ground Zero Location: Area 18 NTS
Ifevada State Coordinates: P863, &1.75 E 597,266.63
Geodetic Position: Latitude : N37 Degrees 07' 20.0352"

Longitude: W116 Degrees 192 58.9362"'
Surface Elevation: 5153.52 feet

Station Visible Blev. Bearing from Distance From
From GZ Above GZ GZ GZ

ft ft

01 No 605 °o' 12Do
02 No 40 25o00' 12D0
31 Yes 40 1i3•' 3342
12 Yes 60 30o 26' 1342
13 No 6) 31 99' 2163
14 No 40 278'1' 2163
20 Yes 70 g50001 2400
21 No 90 700' 2830
22 Yes 140 303000' 2830
23 No 100 2602D, 3842
24 No - 52014 5434
30 No 150 335000' 4000
31 No 150 7000' 4717
32 No - 40038' 5818
33 Yes 220 26°020 &03
34 No - 450101 3512
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Figure 2.2 Station platform complete with collector
trays and open-close collector. (NRDL 500(L)-4-.2)
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I

Figure 2.5 NRDL Model 103 standard C-ITF with cover off
showing ¶ape-tranaport mechanism. (NRtDL 514(L)-4-62)
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0" TFER 3

RESULTS AND DISCUSSION

The placement of fallout collectors within the fallout

pattern was successful to the unpre-edented extent that all

stations in the array received measurable amounts of radiation

from deposited fallout, Some instrumentetion malfmlctioned

and some fallout collectors received insufficient mass for

reliable analysis. Nevertheless ,% large amcunt of dat& vas

obtained by the limited manpower available to this project.

3.1 PREDICTED AID OPEPAM110AL 3EtJIlS

In accordance with plans mentioned in Section 2.1 the

wind structure above suilace zero at 0925 hours on shot day

(H-20 minutes) vas telephoned to NRDL for a computer solution

of the MIDL D Model to give fallout pattern prediction. lTe

pattern prediction was received Lithin 2 hours after shot

t!ae to permit its use in planning recovery of samples. The

shot-time wi" structure used is reported in Table 3.1. The

ra~iation intensit.es computed for this set of conditions

are shown in Table 3.2. Decay-corrected AIPRU-39 (TIB)

s-ovey-meter readings made by sample-recovery teams and H+l

hour dose rates recorded by GI='s are also compared. =fR

dose rates are standard intensities because completion of
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fallout deposition had occurred by H+l hour. A comparison

o: "he standart! tntensity values sLows consistency near the

hrAt line at Stations 31, 21, and 31. The nuirrber of stations

at which no fallout was predicted (N.F.) indicates a need for

minor improvements in the fallout model prediction system.

Most GITR measurements show reasonable agreement with TIB

measurements corrected for tission-product decay.

The model-predict-ed radiation-intensity values were

used for overall planning of the recovery operatious but

early survey data from Project 2.8 (Reference 6) and monitor-

ing by the NRDL recovery teams ultimately determined the pace

and sequence for individual station recovery.

The compactness of uhe station array and its proximity

to ground zero in a downwitil z_--tor esmured some fallout col-

lections end radiation dose rates at each of the 16

stations. Or the 16 GITR's used, 11 operated normalJy,

4 operated so that special data-reduction techniques could

be used to recover some data, and only 1 (Station 13) pro-

vided no usable data becaise of GITE malfunction. Fallout

samples were recovered from all stationsbut analysis effort

was concentrated on those receiving large amcunts.

One notable feature of the fallout pattern was a visual

manifestaticn of the hot line which vac characterized by a

narrow (50-to 100-foot wide) band of large (mm range) black
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fused particles. This band extended approximately north

from ground zero through Station 13 and between Stations 20

and 21 and Stations 30 and 31. The existence of this band

was readily/ apparent to the recovery teams wlen crossing it.

Off-scale readings were indicated th14oughout this band on

the radiation-monitoring -nstrument carried by each team.

his hot line is indicated on Figure 2.1 and additional

information is available in Reference 7.

Considerable phsical darmage was inflicted by blast on

the.ample trays at Stations 01, OL, 21 and 12 in the 5-psi

overDressure range. Tne dae-ge consisted narnlyj of ejection

of the louver inserts from the trays and an occasioral tray

blown clear of the pla-•forr. Station 31 suffered the most

severe danage as evidenced by the loss of ill buffer louvers

and by p2atform deck collapse. The sar.'le-tray wocd stora,;e

box was pulled apart and some of the tray lids inside vert!

bent, but not beyond usefuliess. Despite the physical re.a•age

to the platforms, most of the san'.ple trays were recovered

suffLzcintly intact from all stations to obtain .-epresentatlve

samples. A3lthe GITR's easily survived the shock wave, indi-

cating that they were adequately procczted by ý.hofik mounting

or, where applicable, were distant enough not to requirc

shock mount~.mg.
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Blast damage assessment at the collector stations was

not ore of the objectives of the project. However, several

weaknesses in the use -f the collector for close-in fallout

were noticed. The louver inserts were not fastened in the

trays and were ejected by the blast. Since this happened

before the arrival of fallout, their planned use to retain

the large fallout particles was never realized. AlthouGh

sone trays were blasted from the platform, it appears that

generally the spring hold-down clips were strong enough to

hold the trays. Poor installation led to %n- -s. In

spite of the moderate damage suffered, aanpi ••d data were

,till obtained, and the experiences gained led to installation

improvements in the collectors used for Smrl Boy Projtzt 2.9.

An event unprecedented in fallout sampling occured at

Station 11. Molten fallout resembling lava splattered in and

blackened the surface of the aluminum collector trays. This

was because the station was directly on the hot. line as indi-

cated in Figure 2.1 and very close (3.342 feet) to ground zero.

32SAMEI AI.laUSIS

Results of sample analysis procedures described in1 Sec-

tions 2.4.) ire presented. in this section. They repre-

sent a - . ffort by personnel who were committed to

t~he sup..: .. &l Boy. At early times afterShot Johnie Boy
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on July 11, 1962 when ample analytical support was avail-

able, some difficulties were experienced in development of

smoothly running analytical procedures. In addition, some

samples could not be recovered or handled due to high levels

of radioactivity. From July 14 on, when Shot Small Boy

samples received the highest priority for analysis, Johnie

Boy samples received minimal attention at NTS. However, se-

lected samples returned to INRDL for radiochemical analysis

and particle study received a more thorough analysis.,as the

results attest. Radiation measurements obtained in the 4 -pi

ionization chamber and the cathouse counter are presented

in Tables 3.3 through 3.6. Basic field measurements

are presented in Appendix D.

3.2.1 Activity Analyses. Gross counts were made in

the cathouse counter of an1 collectors recovered to assess

radicactivity levels and to determine disposition of the

samples for analysis. Stations 13, 24, 33, and 34 received

fallout ±. amounts too small for aualysis (counts less than

twv 'e background) so these samples were discarded. Collec-

to:"c from Station3 n, 21, and 31 near the hot line con-

tained so much activity ( > 4 x 106 c/m) that they cou.1xn.t

be counted untial the seventh day.

Table 3-3 summarizes all gross acintillation-cminter
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and mass measurements. For comparison purposes the observed

net count rates in the cathouse counter were corrected to

v- arbitrary tine of H1+l00 hours using the decay curve of

Figure 3.1. The empty cullector activity is snown as an

aid to future determination of the total mass of fallout

in the collectors.

The recovered weight is tabulated next. A zero in the

empty-collector column indicates the empty-collector acti-

vity is available, but no veig•b. A zero in both empty-

collector and weight-recovered columns indicates the debris

was not removed from the collector. Much empty collector

data was lost because of cross contaminaticn.

The activity and mass concentrations per unit area

and the speciii'n activity columns are the result of

straightforward computations. The final column, estimated

fissions/ft , was obtained by multiplying the activity zon-

centration by the constant 4.76 x 108 fission/counts/min at H 1 100

hrs. The relation is derived in Reference 3 for unfrac-

tionated thermal fission products of U23 5 .

Table 3.4 smumarizes the mass and activity distribu-

tion related to particle size. A "T" after a sample number

indicates a total sample from which the succeeding micron

sizes are sieve openings through which each fraction of

40

SECRET



material will not pass. A VWI' i'Aicates the sample wais wet-

sieved. The mass column gives the total weight of each

sample followed by the weights of individual sieve fractions.

Activity measured in the 4 -pi ionization chamber and cor-

rected to H+lO0 hours using the decay curve of Figure 3.2

is given in a manner similar to the mass measurements.

Cumulative distribution by percent less than the stated size

is given for both mass and activity and the specific activ-

ity is the straightforward computation of activity divided

by mass. Inspection of the specific activity (ma/g) column

in Table 3.4 reveals two peaks of high specific activity,

one in the large sizes (1410-2830 microns at close-in sta-

tions, and 710-1410 imncrons at more distant stations) and

a lesser peak in the subsieve size ranges ( < 44 microns).

3.2.2 Decay Curves and Measurements. Figures 3.1 and

3.2 show, respectively, the decay curves for the cathouse

counter and 4-pi ion chamber used to correct the data to the

common tlme of H+100 hours. The cathouse-counter decay

curve is a composite curve fitted to individual decay curves

of samples from Stations 01, 02, 12, 30, and 31. The 4-pi

ion-chamber decay curve was obtE.ined by combining indivi-

dual decay curves of 9 sieve fractions from Station 01.

Tables 3.5 and 3.6 show both observed and decay-
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corrected H+100-hour values of data used in the determina-

tion of the composite decay curve for the cathouse and 4opi

ionization cbember respectively. The constancy of the

U+l00-hour values of each sample is an indication of the

accuracy with which the composite decay curve fits the

observed values. The poorest fit of a composite decay

curve to the data occurs at early time (< 0.500 days),

wbich may affect the U+100-hour gross-count values computed

from ear~y-time observations and presented in Table 3.3.

Decay measurements were made on selected samples for

periods of as long as 226 days. All decay measurements

were made in the 4-pi ionivation clamber, with the early

time (to 21 days) values being determined at J(9 and later

at Camp Parks, CWJif., where the samples are now stored.

Table 3-7 gives decay information for cloud sample #837L

which was taken at L3,500 -foot altitude at 1+34 minutes.

From collector 2A01 gray, fused, sintered, and white par-

ticles were selected visua•ly and separately decayed as

shown in Table 3.8. From collector 31AO gray, fused,

sinterea, and white particles and 1 gram and 22.5 gram

gross samples vere separately decayed as sumarized in

Table 3.9. These decay data, together with spectral date,

can be used to determine correlation, if any, between pbysi-
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cal, chemical and radiological properties of fallout.

3.2.3 Sieve Analyses, Leaching and Excleme Studies.

Five preshot soil samples from ground zero and vicinity

vere obtained on the surface and from excavations for other

projects. Because the alluvial soil contained large peb-

bles and gravel only the material that passed through a

1/4-inch-mesh screen was analyzed. Twenty-gram samples of

minus-1/4-inch material were dry sieved and the subsieve

material (< 414 p) was wet-sieved using a water-settling

column technique. The results of the analyses of the five

preshot samples ere given in Table 3.10.

Postshot fallout sieve analyses from selected collect-

ors are shown in Table 3.4. A significant change observed

is the shift to a predominance of larger particles after the

shot. The minus-"-micron material decreased from an aver-

age of 24 percent to 11.5 percent.

Leaching of gammu-emitting radionuclides from fallout

particles in gross samples and selected sieved fractions in

solutions of pH 1 HM, pH 6 water and pH 10 NaSH was deter-

mined. Aliquots of these fallout samples were added to

25 ml of solution in centrifuge tubes and left for 1 hour

and ]- 3-and 7-day periods. The tubes were then centlifuged,

the liquid was decanted. Both the dried solid and liquid
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fraction radioactivity was measured in the 4-pi ionizaticn

cha•nber. The results of these studies are presented in

tables 3.11 and 3.12. Leaching was generally greater for

]onger time periods and for pH 1 (HC1) solutions. Fused

particles showed less leaching (by factors of 10 to 50)

than other selected characteristic particles. This indicates

a lack of surface activity and that pbysical state probably

1'as a great influence on solubility of radionuclides.

The exchange of gamma-emitting radionuclides from

fallout particles to montmorillonite clay and adobe soil

was measured. Ten grams of minus-44-micron clay or adobe

was mixed intimetely with plus-44--micron fallout particles

in 25 ml of distilled water, left for a 1- 3-or 7-day

period, and plysical&r separated by washing the clay or

adobe thrvugh a 14 -micron scree:a. The fallout particles

--- a'.ed an the screen and the clay or adobe were each

.1 :.,',d in the 4-pi ionization cdamber. Results of the

e ange studies presented in Table 3.13 show generally

higher exchane of radioactivity for montmorillonite clay

0-5 to 51.2 percent) tian for adobe soil (O.k to 19.4 per-

cent). As with leaching, physical state seemed to have an

effect on activity exchange rates.

3.2.4 adiocbemical Analyses. Results of radiochemi-
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cal analyses of samples returned to Iliwi, and treated an indi-

cated in Appendix C were obtained in terms of R-valuen and

equivalent fissions per Cram of sample.

The R-value of a radionuclide in defined as the ratio

of the numbcr of atoms of this nuclide to the number o£ atoms

of a reference radionuclide (usually IS0o9) in a sample divided

by the same ratio for thermal neutron fission of U23 5 . R-

values are useful Indies of xadionuclide fractionation.

Radionuclides which do not separate from the reference sub-

stance have values characteristic of the type of detonation.

Enrichment or depletion are nanifested by positive or nega-

tive deviations from the aharac-teristic value. Radiochemical

R-values of the fission products are given in Table 3.14

(References 8 and 9).

Equivalent fiesions per gzao were calculated for each

radionuclide using fission yields characteristic of this

detonation. These yields were estU_-sted on the basis of

theoretical information supplied oy IASL. The yields used

were those experimentally determined '. IASL (Reference 10)

or taken from the estimations of Weaver, Strom and Killeen

(Reference 11). Tables 3.15 and 3.16 show equivalent fis-

sions per gram for the various samples analyzed. The

cloud samples were not weighed so the values given are
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fissions per total sample.

3.2.5 Particle Studies. Four tubes of the gross

material collected at Station 11 and two cloud-swatch

samples were used for detailed particle studies. Slides

of representative material were prepared for microscopic

examination of the gross samples, and for particle size

measurements.

On32y the Station 11 samples consisted of sufficiently

wide particle-size ranges and sample sizes to Justify sep-

aration by screening. Table 3.17 summarizes the results of

particle studies on the four samples; Figure 3.3 shows the

distribution -of particle weight; and Figure 3.- shows the

cumnlat ve particle-size distribution. Although 70 to "9

percent of the weight was associated with pebbles greater

than iwG p in C-Aameter median, diam-ters ranged from 29 to

55 ptand 98 percent oZ the particles ranged from 5 to 400 p.

The particles were principafll light gray to dark gray

pebbles. Activity was present nly Im inorganic material,

and was associated •lmos- enta rely w 4h quartz. A large

number of particli.s, - -ticularly a-ong th pebbles, con-

sisr~ed ot partiafly active ,'..assy, vesicu-lj mavriml;

active glaby ctings (:,n inactive nlluvial me rial" -A

inactive, alluvI s-l coatings on active, txss, :aterl.
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Photomicrographs and autoradiographs of motaed particles

show the presence of discontinuous glass coatings on irac-

tive particles, active vesicular particles, and several

active particles with inactive coatings (Figure 3.5 and 3.6).

There was a general trend toward an increase in the per-

centage of radioactive particles with an increase in particle

size (able 3.17). In the four samples, 0 to 2 percent of

the particles were active in the less-tban-20O-micron size

range. Fifty percent of the particles were active in the

2)0-to 500-p size range. Approxlmately 25 to 50 percent of

the particles larger than 530 p were active.

A uniform distribution of activity throughout the par-

ticla was observed in the active particles up to a size of

about 530 p. ActivLty in larger particles was associated

with partially active, glassy vesicular material, active

gi.5sy ccatines on inactive material, and a few particles

wita inactive coatings on active, glassy material.

The particle density range was 1.50 to 2.70 g/cc and

the predominant crystal structure, determine' by X2-ray dif-

fraction, was alpha quartz. The emission spectrograp,•

results are shown in Table 3.18 indicating 41-to fl-per-

cent silicon by weight. No ferromagnetic material was

found in any of the samples.
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The characteristics of the cloud samples are summar-

ized in Table 3.18 and 3.19 and Figure 3.7. About 90 per-

cent of the material vas active over the entire particle

size range with the activity uniformly distributed through

the particles. N•o magnetic material was found in the

samples.

3.2.6 Gamsa Pay Spectra. Figures 3.8 and 3.9 are

plots of pulse-height distributions of several samples ob-

tained with Penco 100-channel and D4C 400-channel analyzers.

The plots are arbitrarily positioned vertically on a loga-

rithmic relative count-rate scale to permit comparison of

curve shapes and still give relative values of the energy

peaks of the individual c,.rves. The salient elemental

energy peaks have been identified for correlation with the

channel numbers. No attempt has been made to unfold these

pulse-height distributions, although a computer program is

available at .NRDL, should absolute photon frequencies be

required. Details of the measurements and other pertinent

information may be fourd in Reference 12.

Bepresentative spectra for Stations 01, 12, and 30

are shown in Figure 3.8. Virtually identical plot shapes

were obtained from all samples from the same station. The

peaks at Channel 70 arc due to additional instrumnt
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response to Ha24 (2.75 1Mev) gamna rays. No explanation is

24,
apparent for the differcnces in relative amounts of :a4

and fission products in the samples or for the appearance

oft 4o 140
of the Ba -Ia peak at two of the three stations at the

sane time after detonation.

Figure 3.9 gives spectra plots of a ,ýross sample and

selected characteristic particles from Collector 21 A02.

Tq-. gamma ray spectral identity of the gross sample and fusEd,

sintered and gray particles indicates that the material of

different physical characteristics can have the same radiolo-

gical properties. This fact adds information to the concepts

of radionuclide fractionation by condensation as the fireball

cools.

The predominance of Na in all Jchnie Boy samples vas

unique in comparison with Small Boy and Sedan samples. This

is probably explaiaed by the presenqe of 20 pounds of alumi-

nun and 72 pounds of miagnesiun in the weapon and its partial

burial (-23 inches) in the soil. This combination could

have led to a high couplir.. .earlr • -.pi) of the neutron

flux with these elenea ' % either bf the reaction

Mg 2 (np) Na which has a 39-mb cross section at the 2.1-

Mev energy threshold and/or Alp# (nia) ak which hba a 3. 14-

Mev ee.rgy threshold and an 12-mb cross section for 6-Mev
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neutrons. Without such materials present to combine with

the crater soil and become part of the fallout material, a

nigh Ia24 content would not be observed. This was substanti-

ated in Shot Sedan which also had a 4-pi coupling with the

soil. Aralysis of its fallout material shows only a very

24
small quantity of 11a . Additional2y, results from previous

weapons tests (Reference 13) indicate that the 1 to 4 percent

sodium normally present in Nevada soil is not enough to

produce the Ila seen in the Johnie Boy spectra.

3.3 DOSE RATE A1/D DOSE HISTORIES

Figures 3.10 and 3.11 show dose rate and accumaluatcd

dose histories for the 14 stations where the GITR data

could be interpreted. Tables of values from which the

curves were plutted are given in Appendix A.

The dose-rate history curves of Figure 3.10 show time

and radiation intensity relationships emong the stations in

the array. Stations 11, 21, 31, 3u, and 33 show three well-

defined phases of the dose-rate history: (1) the decay of

the high initial radiation at early times (.01. to .07 hours);

r2) the rapid increase o" dose rate as fallout arrives; and

(3) the _adicectivity decay of the deposited fallout. Sta-

tions 02, 20 and 23 show poorer definition of the phases

of the dose-rate history because their proximity to ground
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zero(or the hot .Line)provides a high transit dose rate which

masks the cange in dose rate due to the arrival of the

deposited fallout. The similarity in slope cf the curves

beyond 0.1 hour indicates similar decay rates. The time

phasing and relative intensity •alues of the GITR dose-

rate histories is consistent with an analysis of the array

configuration relative to wind direction, ground zero, and

hot-line location.

The dose-history curves of Figure 3.11 show time and

accumulated dose relationships among the stations in the

array. It was not possible to estimate or record initial

dose because of instrument saturation or because of shield-

ing by the rough terrain. For these reasons the absolute

dose values shown my be inaccurate by more than the first

value given after the arbitrary real time when accumulated

dose tabulation was started. Therefore the dose-hiztory

curve shapes should be interpreted in a qualitative ranner

in describing the fallout event by a ehaxacteri-stic rapid

dose buildup as fallout arrives, followed by a leveling

off,after cessation of fallout where radioactive decay

accounts for continually decreasing amoants of additional

dose in a gi-en time.
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The pencil dosimeters used as secondary instrumentation

served no usefuil purpose in helping to estab.ish absolute

:lose value so their readings have been discarded. The dose

accumulated between 11+1 hour and the time when the GITH tape

stopped shows good agreement rith values obtained by the

methods '.n Section 2.1 of Reference 14.

52

SECRET



TAWE 3.1 DI SMUMME ABOV SURFACE ZMo AT 0925
MU (11-20 MXnuýea) JULY 11, 1962

SurZtce zer ot 5,153-ft altitude.
Wind is from asizth unsured from true North

Altitude Asimath Speed

ft dagrees knots

510o 195 10
6e00 170 7
7000 160 7
90em 160 16

"0 170 15
11000 180 12
12O00 180 15

MOO0 190 17

15M0 200P
16o 2o 22

18000 200
19M0 21D 26
2000 200 23
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U= 3.2 COWPARIS0N OF PRM£WI D AND W4ASEIRD STANDARD

TIB readingesdemv corrected by curve in Figure 2.3 of
Reference A

G1TR values read &drectly from Figure 3.10
D44odel vaues by MW IN 70a cuputer using vinds of

able 3.1.
NF indicates no fallout predicted by D41odel

Station Staszard Intensity
r/wr at . hr

TIB GIM D4-odel

01 36.i4 38 N.P.
02 7.2 8.I4 N.F.
13 1173 ikOO 1828
12 10.3 - N..
13 1.6 - N.!'.
14 0.63 - N.F.
20 2.68 5.2 2"
21 96D 750 790
22 0.33 0.55 N.F.
23 - 1.5 N.F.
2k 0.032 ) 0.1 N.F.
30 2.62 3.2 81
31 160 130 253
32 O.0r6 0.27 N.F.
33 0.052 > 0.1 L.P.
3 4 0.662 0.80 N.F.
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TA=Z 3.5 ~ ~ ~~~ SCIN7Z.LLAT ION COUN~TEQ

(DAYS, CIA.)

1 AC 1 .0474~. 4281139. 5o766to
30 1:.~;o 59533 ____ 

7
8529a

I AD 1 26164. 166..u 79948.
1 AD 30..34,) 11572877.
1 -.0 4.'.26t 731..3... 683569s
1 AG 1 76332o 317347. 64417:5#
1 *.o 1 6*3z&ý e676 63644

4
te

~3 ZG64050 272177. 67692't__
I A0 I G.Oz5i, z42=-o 6a~f835s
1 40 1s.0.18(, 221264.# 654885.
I AD IZOV82U. 1:.7993# 674357.
1 Ac 1 1362634 15263.&. 647728s

1*4.1277Dbe 5615336
1 A0 1 '~.:177') 2277OD__ 0&90
1 -0 1 , 30 - ,.42...ý2 713601s
i.1 1" %f 17- 24.-67 850222.
1 AG I 1.-O0-ý 13425a 727455.

a AO 7 *.3-)60 183206o 9015.
2 0.AO .'04; 213i70 ;id's
2 AC, 7 ao160 25696
2 Ao- .00-2016.
2 -.0 7 4.Z ~4;5So 3512@
2 .0 7 7#32r-) P*56. 04

12 AC 4 ... 4000 56158. 28r54
12 AD A lov360 125l.1 2322s
12 AO 4 2.1590 6266. l9*s.G
12 ACý 4 3&..420 4UC09. 2611.
:4 AS 4 46-.24J 4427s
12 A.. 4 703260 Z44!;4 3u 23o

30 AG I 15-... 013. .772s
30 A.1 I 1.4"(0 7496. 1322.

-~-. 13...410 2816* 1'.468
3-. AC, 1 '...-' 4;6 25.67.
'~. AO. 1 T:3ilo. 441-'

-.1 AO I 7ob3b0 142-'71&A 3595917
32 1 451-- 23v.410. 352u'685o
it AG :.s.Z. 124.24.s3 3Ie4I90.u

.it -. 1 4.,4111,o..~

.4 -.3 % 149.4'.. ue6S4i2. 27 U~ss0.
4A,) I .!)f17vu 63dO7.) 'do7,2468

Ac. z UY494*

AO ... 16;7o .v

-- I...-S4374E) J..ke7zb.
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TASEa 3.6 GA.MIA OE,:AY ;AES a3y4 ;.1 IC.14ZkICZ Ct4A...oA

5A%-F:E '4-'E:Z I7F AGE OBSERVED ACTIVITY ACTIVITY A7 100 H4
(VICRCMSl (DAYS) (MAI (MAI

AC A- ~ _2U.9.Q. 0C1 . . - jk3400CE,-3 , ~I2W0.
'1 AC 2 2a033 1.ý"20 06;370E-ci &4S=E0
Ci AC a 2830 1*9380 0s8753;E-,6 0.2t81l-36
.1 AC 2 26:1- 20499W ja568JE-.6 0.1e824E-06
'-1 A: 2 z:0 49zz ýi2300E-06 0.1814E-o6
.1 AC a 2z3z, 4#25-.3 s.t.DE-v6 0*1616E-06

A 11 2 2830 --,4710 v*t5OOE-~6 0*2C00P.O
..1 AC 2 2153Z So9610 sl3OOE-.6 0*19424-06
Z) AD 2 2,:3, -*963v 0*14668!C6

.0 ll.: 1*240 -. 6153f.-ý7 0*1907E-06
AD ;._3:o IZo;42u 3e5250E-u7 0&1906E-06

1 _AD .0Z;ý --. 423LE--7 __ O19O3E.C8
01 AD 2 ;a- 20057;. sZI..)E-~- -41643E.06
vý: AC zz' Z:"v *ZoCZOE-.-. 016E0
CvI AC 2 2s33 3-4*31Zv U*2600E-u7 C.182E-06
,I AC e 2830 37oZC,7v, "2463E-.7 v*1906E-06
-1 AC 2 2830 4-4;L3;, -e22WE-Z7 Z,.1692Z-06
01 AC 2 20 4;7U _ u. t1'C7 y18OE
GI AC 2 2:--o 71.Cuo33 v6120OZ07 '41032EO06
.ý1 AC 2 2830, 57.133-3 .1 *0 E-37' ý0.1758E-06
01 AC 2 2833) 71.02 :1'33e-07 :z178E12.6
01 AC 2 2830 79.0120 0s130&,E-U7 0*158SE-06
31 AC 2 2:3,: ::Oi:;o 0*11S0C-07 0*1663E-06
Cl AC 2 2 83 11.58 __ . E-Z.7. Okk874EtCAk
ZI AC 2 2830 143&ca..3 veTZOEo C*16-35
,11 AC Z 2220 :2.7030 003350E-0j6 os.15'9E-06

01 AC 2 1410 0.5410 U&6700E-03 Oii4666EC06
01 AC 2 1410E~ - 0AAA77EI-0.6
01 AC 2 1410 1.9380 0.Icsoll-cs 0.4613E-06
01 AC 2 1ý410 244990 0.125Ci-05 3&4015E-06
31 AC 2 1410 4*0520 00=600E-06 0&4426E-06
31 AC 2 1410 '.62530 -*S120E-.6 oe44336..06
01 AD 2 1410 4*9=20 0640OOE-CV, 0.4597E.C8

.. CL.A0. --- -- 141.9. sj47.IC 0 0 . . Q&4&7'Z--O6
o1 Ac 2 14101 ra610 (,63150E-06 0*471SE-06
31j AC 2 1410 70:30 v.ZZ30EC6 06472GE-06
01 Ac 2 !0.! It*.c70 0*ISSOE-06 Oa*626E-06
.;I AC 2 1410 1e2A410 0*:14vvZE-;
,;,1 A0 2 :1%10 1.3-;. .,o.;06aE-C,
.11 AC 2 1410 1lýC;C ..1 v3-.7 ý.4~4ý4-06
vt AC 2 2410 26s99ZO -!*&500Ef07 4-3097E-06
01 AC 2 1410, 20.3763 &7CC.00&0 .- lE0
ol1 Aa 2 1410 34.3130 0.7230e-37 £.Sajo7E-06
-1 Ao 2 141. 37.0030 0.642ce-07s5 -E0
ý1 AC 2 141V 43.,9830 C.oC400E7 0.5371E-08
.C AZ 2 1413: 4309710 065",16-67 ý93i-C5
ý1 AC 2 141a 51.0;52ý v.t5ZZ-v7 e53i5E-06

31 C 1l3 *~134v 004LO005-07 Oa2Cý445-06

-I AC 2 4 0 .~0 o41;~-;308~O
ý1 AC 2 14:13 *.o:: o.COe-o7 . 350
01j AC Z 1-. 4#v- 354.f-,7 0*5211E506
,:I AC a 141,1 1:1.1blI. .,3I.Z5--7 3,5241E-.6
31 Ac a 1410 143Z,.-3ý v.214,e-ý7 v.5158-Z6
- I AC- -. :41z- ZZO;: 0o.I13354&-q

31 A3 Z 7:Zs:lo-*Cv .Z-SZ536
,:, AC a 7113 :.007: j.:i@-: .:00E-v6
:1 AC, : 710 1 ~ C~ C.: -:
,1 -a 2 71v 204~99 v#991CE-.6 v.3I83'--0A
371 AC 2 711 .6.52. o.4Z50E-v6 ;&335SE-00
ZCl AC 2 '71 Z ltsz-.3 ý.::Ev:v335

6
Z5

0 6

1 AC 2 71ý 409ý7- 813CS-68 ~ .348set36
31 AD 2 71. b@4*.l s?~7-E-~6 Zo36l5E-.

6
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_ _.TABZ k34.6 Aw-4A DCAY _A-au _ P__INIZTIO________ CO

-1A D 2 1:0;41: otOS.. 3.PCE-0.6 O4.1U3oE-Oc

-1AC 2 C~ .6 o-" 2BO7.-07 0.If37S-06
:1 AC 2 -a30& :,a :-.96=E

IAC 2 33 C1.G727. -.#64--E-7 0.IgO:Ct-06

'.1 AC 2 Ls01.S' C 0SC-E-7 04l9C3e-06
.,A 27C0 :C.0Zzo 0.35(.070.7E-06

ýlAO 2 35.7 *;*30.v-ZCC4. 0*t20I4(O6
,I AD 2 750 4Z.93 c.C00zc 0*4024E.06

33IA0271: b27.5207 O.Z32E0~7 0.ZC,4ZE-06
-1:D 710 i~ 5C..z O*;ZO-v-. -~ C0 j4Q4-tq*

ýlA^ 2 -to 7loOZ30 0*312GE-07 Os2117E-06

l D2 71 77010 O&70-743.Z14-n6

,I A*. 2 71.. 63I1Z0 00.26801-07 0&37934-06

01 A*2 . *~o0 06=0E~-07 041763E-06

I A A: ... 216. 711l C6ZýE-O4 oocqc-06ý
-I A:1 2 7 5.Z Z3..- .22 oZ6: LZ40S.-. 0*2736E-06

Z. AD :Cc c4= I.~.C SGIO-QZ. _______;

,I AD 2 177 .0730 0460-:O;7E0

A% At, 2.7J. 33: ;0*50 0114W79-00

I CD 2 177, 4"52- ;92PVE-.6 0*179E-06
1 AC1 : )77c f*2:0 G j~3-7oj7

7
A4OC-0__

-1 40 530 .740%,4 u.Z0E-C- 0.ac.21E-07
.1 D Z77 5"I.QC. ...40GEC7 04172tiE06

Iý AD 2 3S7 C09630 ... CC.-6-. 0617172-06

LI A.. 2 1773 70G42. - -Utkolý4-y7. -- 911=14
,1 A..,3ýo Vf A1* 177 . . 0661509--:07 010E
01 AC 2 177 ...9.10 ...1..IE-C.7 0.8198E-07

ý: 40 Z 3so %Z'safto 6 4 3O-7017E 6

-1AC2 EE -i, ý aý - VSECRET 020690



- -P_ A3IB .3.6 AW..~~ SA ý" !TE 5 ZY ;-- -U.I- GC- r. ~.......

SAtIPLE .5 ~ SC AGE C85ERVED AC72V!TY ACT1IVIY AT 100 HP
1.%A.cR0NS) 4OAVS) (MA) (MA)

-lj 17 .707c.. 0,IZZ.E-u7 Z.:3E-07
-1 AO 2 7- :.....GG Zo.13005-07 0.4164E-07
ý1 A AO a .4G .. 3.- 0*921SE07

.2 AO 2 :77 4399;3. 011I0ýE-,-
01 AC 2 177 J163450 -6,:6G0E-03 00746L.E-07
ýj An 2 177 574137,) oSAýOoE-03 00G24XE-07
31 AO 2 177 714.3;33 04756"E.-6 Ae9143E-07
o1 AO 2 177 7;00,60 0.ASo.-E-OZ o.317aE-07
.31 AO 2 177 =6.264, ~ ~ E0. -0.7230E-C7
.;I AO A 277 !32.1b60 0#57505-08 0&9164E-07
32 AG 2 277 :4:300: oi:;oO3=-O3 0.28366E-07
01 AO 2 177 221.9120 o#24oOZ-08 0474,3LE-

02 AO 2 cc 0,5410 0079COE-O6 08 :53=E-07
02 AO 2 as 1.393, C64100E-06 005067E-07
CI AO 2 03 1.9. ') O.;9:E-306 a.4C04E-C7
31 A0 a Z'ý 2.zc00 Ot.30CE-OC O.4166E-07

01 :Z2~ 0 4330 0.4050704Z42E-07
01 AC 2 ski 4&2510 0*4980E-37 0.42225..07
02 Ac 2 as 4o9550 0,38502-07 0.43566-07
02 AC 2 038 t.4720 0*34505.-07 0.4S74E-07
01 AC 2 as S.9640 0.3050E-07 3.4514E-07
01 AC 2 as 7.9640 0-.P2805-07 0.45385-07
01 AC 2 as 11.9290 0.25005-07 0&4558E-07
02 AC 2 as 23.9420 0.23305-07 0.4692E-07
01 AC 2 as 18.0420 0.10S05-07 0*47245-07
nt 60 2 as 19.9580 t.00005-08 0.4767E-07
01 AC 2 a8 27.0350 0#8300E-08 0.4766E-07
01t AC 2 a8 29.9800 OA

7
90

0
e-oo 0@4972E-07

01 AC 2 88 34.0180 0.73005-04s 005019E-07
01 AC 2 a8 37.013') 0.63005-0e 005000E-07
01 AC 2 a8 4009350 0.6353E-OP 0.502SE-07
02 AC 2 a8 42.975n 0.610(>E-05 0#5173E-07
01 AO 2 as 51.0440 0.53OOE-08 GO50905-07
0) A.0 _2 88 57.2380 0.492Z0E-0P 065093E-07
02 AC 2 as 71.0580 0.40005-00 0.47255-07
01 AO 2 as 796013C 0.39S05-02 0.4467E-07
Cl AC 2 as 02.1650 0.2700E-03 0.50482-07
01 AC 2 ap 10:.1360 (1,27005-04, 3.)*Z10-07
02 AO 2 80 142*00.X ..2300E-03 3,&4a7j5-Of
02 AC 2 eA_ 221.9240 Q6..05ý=-06 _ saliZE-07

01 AC 2 (- C,..341i &Z:70..E-06 002017E-07
02 AC 1 62 1.0-30 0.15002-06 0.16516-07
01 A0 2 6Z 1.;3:30 0.7200GE-C0 0.1761C-07
01 A0 2 :06 35010 0.46-705-07 0.14;6E-,07

02 AC 2 112 4.0343 0.30ýO5-O' uslýýce-O7
02 AC 2 oz 4.aZ320 0.23-)E-v7 0.2613E-07
01 AC 2 62 487Z:0 0.l4:OE-0- 0.162BE207
02 AC 2 6Z 5.4720 oo:z~05-u- 0:735-E-7
02 AO 2 IS S764k- 001:0ýz-- 0.1740E-07
01 AO02 02 *7.^S:C, ý.0;-3 - 0.7r5-0
0 1 AC-2 6Z 11.,-J( 0.62505-JC 0.15ý=-07
u2 AC 2 62 236.:.3O 05530O5-- 0.1ý333-07
01 AC 2 62 18.0430 0.4..202---ý OeIZ26-07

o -AO p . .AOO--no77

0. -0C 2 &2 271-.O0 0.:3,O02-0-#L'E0
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SAMPLC NUM3:0 51Z2 O- S:.VZA- ACT1VITY A-T3VITY AT 1,)0 AQ
CNLCROr4.53 (2'*S) (M.1) ( 1:)

01 40 2 62 34.0210 O7c:)^s:CE0

01 AC 2 62 ý.01=L 0*02ZE-&: )*1&36E-07

03 AO 2 GoE 400710u 026JOE-08 061656E-07

.1 A0 2 6-1 426977C 002c;OE-06 36204ZE-07

DI AC 2 6Z 53eO1( *.2106- .. 6 07

01 AO 2 02 37.701:7 0.2',PE00 3

'61 A07 2- 62 71il).7- 0ilO30EE-

01 AC 2 62 7;*0170 0.ZCE4 .76LE-X'
CI AC 2 6A '3$*167L v.1,5bE-0

01 AC Z 62 10161560 of 1:00:-o: 0.* .-.E-07
01 AC a 6Z 243060O0 16.0C0E-09ý0 1"E0
'I AO 2 6z :~: 0613.C-03-a al~E

01 ~)AO I -;I 2~.... 0*16,oE--07

01 A0 a 43 .. 93 O1i3(-E;-t6 slb)l7E-U7

Cl AC a 43 1e9.;10 o.SAO.E-07 31440E-07

01 AC 2 43 20tw.. .*38aoE-u7 Qa123tEAC7

')! AC 2 -! ov.40 0617OUE-07vsloEU

ul AC 2 43 4.2520 0.16O02-07 0*1353E2C7

CIA 0k2.k..- ?,k-7 J2 9. . .L.1rZE

01 AC 2 43 b#47%50 0.1150E-07 0*149C0..01
01 AO 2 43 5.9640 0sluJ20C-07 061470E5v7

01 AO 2 43 -,o4670 .ý.7620EU03 061532E-07
01 AC 2 43 110~300 06535CE-03 0.154SE-07

01 AO 2 43 130440 0.47002-CS 0.1240E-07

01 AO 2 4:. I.O;Llu .3.34B02-CS 00151SE-07

01 AC 2 43 17.0ý30 0,29002-Ca 0.15OPE-07

01 AC 2 43 29.981") u0.232-OZ C00151:E-07
01 AC 2 43 :40Czu U*Z:O4E-Ot uo:52Z:E-7

01 AC 2 43 3-6,)70 0.23 JE-u~ . O1324E-07

OLAO 2 . 4.3__ %qo9930 042200E-08 0&1520E-07

01 AC 2 4_- 1.:#1-'. 0.22:02-02 0167;E-07

01 A0 2 43 51.0410 06160OZ20$ 00527E-07

01 AC 2 43 57.1310 0.1C0(2-0:O 0.146:E-07

01 AC 2 4: 71603(, 001500--06 C.I441E-07

01 AC 2 43 ISS019 C.09.-:C125ZE207

01 AC 2 ___ _ 40#15.1230c- 0.13002-02

01 AC 2 4Y 10141560 0.1 :04Z0: 0.1627E-07

01 AC 1 4: :4Z.0200 o00:020cE

C) AC 2 43 zz1. I2C O.30O.Z-07 0.2Z122-C'

Iii AO... ?--. --. PAKL.- -a541C VZasSC-C& O.2h7;2-C7

01 AC 2 PAN 1,09350 OcCC200fi-6OZ.ýE0

01 AC 2 PAN 109410 0.33203-0,7 O&Z3732-Q7

01 AC 2 PAN 205020 0063102-07 0#2019E-07

01 AC 2 PAU 4.0:50 c2z:002-07 0.L~a3.32C7

01 AC 2 DAN 4.2520 0.2600-0'l 0.2Z20E-07

01 AC 2 DAM At-.4..760 . 0AZI):O-07 O0Z4;E-07
C1 AC 2 DAN 5*47:0 f*j.:3OqE-.ý&.7Ev

03 AC 2 PAN 5.76L0 0017Cu2-o7, v,24"E-07

01 AC 2 PAM .,) u3)30 L0.~oEQ7

% AO DAN I1*3I s, Z ':7:L-07~

ul AC 2 DAN 136,343. "~7200E-z ftE-)

01 AC a DAN 1"4,(7, ý,3aOL!X-06 ;a4b3E-0
7

01 AO z DAN 39.9;630 os.ýIC02-03
01 AC 2 PAN 2740,410 0042002 0a *;3V)

CI AO 2 DAN 29o982. ý#..33.E-v 2LLE0
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TABM1 . A::AZC:'.Y_ AT:S*:Y 6 :71 1.1AINCt'r

CAMPL INUM9E SIZE A,.- OBSERVED ACTIVITY ACTIVITY AT 100 MR

(MICRONS) (DAYS) 'AA) (PA)

Cl AO '47 PAN 3s230 0.37COE-08 002401E-07
01 AC 2 PAN 37.0190 0033SOE-03 0.230SE-07
-,) AO 2 PAN 40.9950) va~3ioCE-08 O.2365U-07
01 AC 2 PAN 51.0390 0.2630Z-08 0*2372EO7

01 AC 2 PAN 57.1420 062300E-03 0&21419-01
01 AC 2 ___PAN #106)0 0,191EOe.C 0.165K

01 A6 -j O-cAN 79.010 Go.190E-08 .Im -Z

,:I AC 2 PAN 83.1700 O&zaOOE-08 41Up?
01 AC 2 PAN IO1.1C6& 0017008-08 0.***7g07

01 A* 2 PAN !43.C200 0#11008-08 Coka?3Ek0?.

01 AC 2 PAN 221.9160 0.30008-09 0.1-767Kt07

31 AC 44 10.2690 0&~,CC390809-0

31 AC 4A 1141z;0 001160E-04 Oswi21104
i1 AC 44 :3o9620 0017OOE-05 003561E-04
31 AO 4A 18.0380 0.77808.-05 0.35339-049
31 AO 4A 199510 c.71508-05 0!35N98!N
31 AC 4A Z609860 0.5700E-05 3.23432312-0

31 .C0 4.. 29.9710 0s5100E-05 0033801[-04

,.I AC 41 3460270 0446008..05 0033"9-0&

.i1 .0 4A 37.0210 004250E.-05 0033218-04

31 AC 4A 40o9960 0.38S08-05 C.3252204O
31 AOC4A :..~O 0.35008-05 0,31779-04
it1 AO 4A S160750 0s3000E-O5 09305=g-04
31 AO 4lA WoM.1.0 0o.2630E-03 C.k2985K,-04..

31 AC 4A 71.0490 0.220GE.05 0628418..01

31-A0 4A 7S.0030 0.2000E-05 - OZl6K-~
31j AC 4A 83.1510 0.160OE-05 0#2672E.-04

.,l AC 4A -. II16 L.~.... 0.270M=M-O
51 AC 4A 24300300 vo1-5.ýE-05 C,2622E--4

it AC 4A zaI.9ýO0 V.01808.06 Gam253'O* .

31 ..0 4S 10.0za0 0, 369 6&0b 0.16

31 A0 4B .5O0
31 AC 49 13&963o 0 0420CE-U6 063,5409-05

511 A0 4S 13.0340 0.3270E.06 O.43~f

31 AC 48 1S9.9480 0.290DE-06 0.oto=-05
51 40 48 £.*;:10 .. 4ZZO8-6 - 4 4 AkmC0.

3z 40 4:: z.;72o USZOS02-05 0013566-05

J1 AC 40 z4*0.,,o .. - _______

31 1n AB 37.0210 0.17208..04 0.13418-05

31 AC 48 40;;7 Os1600E06 0&134ft-0
31 40 43- slo.?60 D .1 1708.'4ý Ot11a99.05

41 AC 4S 5/1sla60 0.1080e804 0e1~2a.""

:31 -t0 48 7teQ0-0 o.C::-oT-07 06111S5806

31 AO 4P 7-0.0020 0.77502-07 009699r,-*$.-
31 AC 4A 93.1520 0.700CE-U7 061035E-05

31 AC 48 101.I06U .1.81038.4v c,.103GE-05

41 ACO 4BZ0Z' uc3OUE-u7OV5E0

31 AC 4c, z:1.9200 0.1:308E-07 09380
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TABLE 3.7 DECAY MSURROM FOR CWOUD SAMPLE 837-L TAIK71
AT 13, 500-£O0T ALTITIUDE AT H+314 Mn(U

All readings (ma) made in 4-pi ionization chamber

Age Reading Age Reeding

days ra deys MI

0.281 401 x 10-8 19.9a 339 x 10"10
1.941 447 x 10-9 27.042 222 x 10-10
2.502 338 x 10-9 29.983 189 x 10-10
2.971 286 x 10-9 34.027 157 x 10"10
4.055 210 x 10-9 37.OPO 139 x 10"10
4.253 20o x 10- 9  40.982 1124 x 10-10
4..957 171 x 10-9 43.969 970 x 10-n
5.475 163 x 10-9 51.030 710 x 10-11
5.965 1245 x 10-9 57.142 568 x 10-11
7.967 108 x 10-9 71.o61 318 x 10-nl

11.931 682 x 10-0 79.022 292 1011
13.946 510 x l'" 10  83.173 226 x lo"11
18.048 390 x 10-10

TAMIE 3.8 DECAY SJRURAMT FOR SEICtD (MWARACTSTIC GRAY,
MU8ED, SLIM=ED AID WHITE FALIUTW PART1ICIMS F"OM

COLWCR 23AO1

All readings (na) ande in 4-pi ionization chaamer.

Age Gray ftsed Sintered White

dayse M maZ

2.098 225 x l0- 9  459 x 10-9  z.85 x 10-9 411 x 10-10
2.498 183 x 10-9 352 x 10-9 375 x 10-9 283 x 10-10
2.963 144 x 10"-9  x 10-9 27 x 130-9 l x 10-10
4A.09 944 x10m- 165 x 10-9 165 x10" 8w x 10-11
4.24o 858 x 10"10 152 x 10-9 150 x 10-9 74o x 10"1"
4.960 726 x 10-10  22 x 10-9 l8 x l0- 9  495 x 10- 11

5.-478 661 x 10-10 in x 10-9
5.596 - 13 x 10-9 405 x 10"1
5.957 594 x 10-i0 100 x 10"' xj.o0 -9 34-1x '0"31
7.959 440 x 10-10 736 x 10.10 678 x 10"10 2D9 x 10-11

13.936 285 x 10-10 501 x 10_1 0  4 93 x 10"10 180 x 10"11
13.961 23P x 10-10 422 x 10-10 430 x 10"10 142 x 10- 1 1
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MTAB 3.10 SLUI4ARY OF PRESHOTSOIL-SA4PLE SIE'JE AIMLYSIS

Soil samples obtained from the following locations:
tri - surface at GZ.

j2- surface to tw~o feet deep 25 feet south of GZ.
ý'3 - two feet deep 25 feet south of ZZ.

- three feet deep 80 feet south-est of GZ.
0 - six feet deep 100 feet south of GZ.

Size Percent Less Than Stated Size
U.S. Mesh Microns ji i;-2 -13 il "#5

7 2794 95.0 95.9
12 1397 88.5 85.1 70.8
24 991 82.6 77.3 51.0
42 351 74.5 66.5 33.2
80 175 62.4 51.5 18.8
115 124 49.3 52.2 51.9 40.5 14.6
150 104 44.0 49.0 46.4 37.0 13.1
170 88 38.3 45.0 40.9 32.8 11.5
250 61 31.7 39.8 33.4 26.7 9.5
325 44 25.8 36.6 27.8 23.0 8.5

30 19.4 29.1 23.3 17.9 7.7
20 14.5 24.8 19.9 12.8 6.2
10 9.7 19.4 13.9 8.8 4.3
5 10.1 13.6 6.1 4.7 3.7
3 6.8 O.o 5.0 4.2 3.6
2 4.2 3.1 2.7 3.5 0.8
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TABI j.12 LEACHME STUDIES (N SLEM SAMPOES

All readi•gs (ma) taken in 4 -pi ionizaticn ciamber

Reagent Particle Age Reading Age Reading Leached

Size

days ma days ma

One-ZIy leach SamplesOjAO 3, 4, 5, 6 an 9 Comined

Nicut Filtrate

PI (Mc.) 88-175 13.583 192 x10- 13.590 1W x 0-12 5.0
pH 6 (*20) 88&175 33.58% 192 x 20-11 13.591 1412 x 10-.12 6.9
pH I (NOD) 88-175 13.584 2D9 x 101 13.591 100 x 10-12 4.6
pH 1 (Ec) 61-88 13.58D 1334 x ID-n 13.593 l00 x 10-12 6.9
pH 6 (.•) 61-88 23.581 167 x l0-n l3.593 100 x 30.12 5.6
pH lo (Nam,) 61-88 13.582 165 x 1o"- '3.59 100 x 10o1 2  5.7

Three-Dy IeachSamplesOlA06 ard 9 Combined

Filtrate

PH 1 (Mcl) 88-175 ±5."369 332 x I"II 15.379 6D x IO"1 15.3
pH 6 (W) 88-175 15.376 21 x lo0"- 15.380 45 x 10-n1 15.6
PH 10 (NBD1) 88-175 15.378 236 x 10-I 15.381 35 x 1 1- 12.9
PH 1 (l) 175-351 15.368 593 x 0-n .15.378 89 x 1 0o- 13.0
pH 6 ( 175-351 15.370 34 x 10 n 15.379 52 x 1 0 - 13.1
PH 10 (NM) 175-351 15.377 532 x 10-1 .15.380 39 x 10--U 6.8

qje-M leach Sam2les 3IA05 &Ajg 8 Comined

7allout Filtrate

I6 (6 MO) 35"1-991 Ak.515 k.0 x 10-9 A1. 523 133 x 3.0-21 0.3
PlH10 (MO) 351-991 11.515 410 x 0-9 11.531 99 x 10"1U 0.2

SeOV-M7, Lech Samples3l A05 Plus 8

This sample showed no wasurable leaching for pH I (B0l), IX 6 (W1o) and

pH 1.0 (Ncu) on al11 ;artices *tufted (larger t± 6j. microns).
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TABLE 3.13 EXCHIME OF PALWJ RADIOACTIVITrff TO 4NTM3 tU J CIAY
AND ADOl A 0IL

All measurements (mi) made in 4-pi ioaization cbuiber

Reagent Particle Age Reading Age Reading Exbange

Size

pdays Mndys

One-7Ny Exc).nse of Samples3lA05 and 8 Combined

Fallout and peaent Rea.ent n0y

Adobe 351-991 A.513 42o x io-9 14.517 A8 x l0"-I 0.1t
Clay 351-991 14.513 1405 x 10-9 31.519 2q9 x lo-n 0.6

Tkwee-J-rek1'%e of SamplesO3lA 3, 4, 2, 6 and 9 Combined

Fallout and Reagent Falu ny

Adobe 7 351 15.385 386 x 1o-9  15.-27 383 x 10- 0.8
Clay '7 351 15.386 38 x 10.-1 15.428 3 x 20- 9  2.6
Adobe 175-351 15.388 675 X 101 15.5 JA 663 x 2o" 1.8
Clay 175-351 15.388 x 10-1O 15.:26 6t. x 10-1 51.2
Adobe 88-175 15.389 268 x 0-11 15.125 216 X iO11" 19.1
C3ay 88-175 15.389 391 x lo-01 15.126 373 x io-31 4.6

.Qen-Ds k•cunge orfSamples 33A•0 and 8 cbined

Fallouat and Peagent &agent nL

Adobe 7 351 19.12k 320 x 10-9 19.12? 326 x 120"_ 1.1
Cl"y ,351 19.125 331 x 10-9 19.129 151 x 10-"1 0.5
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TABLE 3.15 EQUIVILENT, Fl3IOS PEP. GRAM OF FOUR RADI(&UCIMDE INE SR DAMPIES

D.ip2Icate analyzes vere made on all samples.
Sample Number 02A07-80 Loticates -mterial obtained from collector Nioer 7 at
Sttion 01 and retained (in a #80 U.S. qieve mesh.

Sample N4o. Weight Particle Zr9 5  Sr 8 q Sr9O Y9
Size

9 microns tiff g is/g fls/g 'is/g

o0 l-i/t 1.7 < 6350 7. x 1012 2.47 x 1011 7.15 x 2 0 l1
OL.'07-7 1.6 2830-6350 4:57I 0 1.32x 2 .32i10• 1.50x 10M3
02A07-12 1.4 1651-2830 2.29 x 316 x10 1.04 x 1013
01A07-24 1.0 701-1651 1.56 x o10, 4.42 x 1012 1.43 1013
02)137-42 0.6 350-701 1.140 x 014 4.35 x 1.0 3 2 1 01X
O0A07-BO 0.6 177-350 9.26 x 1013 2.74 x 1012 8.78 x 1019
01A07-170 1.2 88-177 2.39 x 1013 7.00 x D1II 2.21 x 1012

01A07-250 1.0 61-%8 7:70 x 1012 2.19 x 01 7.43 x 1ion 2.5% x 10122
o02A7-325 1.0 44-61 5.65 x 1012 1.69 x vo' 5.61 x lo3
01A07-PIM 1.7 44 470.7 x 1012 1.54•x101 4 . x 1o 1.73 12io
02A02-1/4 2.73 <6350 7.5* x101 2.01, 010 6.57 2.03 x101
02Ao2-7 0.98 2830-6350 2.26 x 109
02AO2-12 1:46 1651-2630 1.29 x 1012 2.50 x 1010 8.38 x 1010
o2A-•2- 1.38 701-161 3.89 x 1012 8.58 x 1010 2.83 x 1011

02A02.k2 1.19 350-701 1.86 x 1321 3.49 x 1010 1.00 x Ion1
0a2A02-8 2.20 177-350 5.62 x lo11 1.15 x 1010 3.0*1x31010
02Ao2-170 3.69 88-177 1.57 x 10 11
02AO2-250 1.60 61-88 5.14 x 1010 1.34 A 109 1.15 ;C
02AD2-325 1.45 44-61 1.11 x 10.U 3.84 x 109 1.67 x
02AO2-Pan 2.02 <44 _,, x 1011 6.92 x 109 3.05 x 1010 6.35 x 1010

2oA04-7 0.5 5 283
oo~o4-,- 0.20 -I f -Ml 2.40 x 1013 1.42 x 1012 5.02 x 1012
PoAJ•4-2  0.13 35. 01

2DA04-12 0.25 1651-28,10 2.21 x 1012 1.76 x nn 5-. x loll
32A04-80 o.2D 177-35D 8:721x1011 4.9e211020 1.0-6 x2lol 5.33 x1011
2Ao04-i7o 0.68 88-177 1.56 x 1.90 x 1010 5.20 x 1010
20A04-325 1.92 44-88 3.4 i M10 3,39 x 109  

1.58 x IOM1
88A04-ln 1.50 444 2:01x IW 3.07x 1.28z1010 2.35310-10
2o,-7 2.65 2830-6350 2.29r 1012- 3 85 2010 2.87 x 1 0 L
20A07.-12 1.59 165-28 8.71 x 10l 2.84 x 1010 8.96 x 1010 3.91 .0x 1

2mWX-2 1.66 701-1651 1.09 x 1012 5.81 x 1010 1.85 x
2DA07-42 1.71 350-701 9.73 x1 i0 3.45 x 1010 1.23 x 161
82A07-8D 1.70 177-350 1.85 x 1022 6.67 x loll
2DA07-170 1.69 88-177 9.86%11011 3.61 x 1%1 1.21 xInn0~
2DA07-325 2.82 44-88 3.87 IOU 1.66 1 5.36 xI1
2AD7-pan 3.13 <4 1.8312.01U 8.27 109 2.8 x 1010 9.06:1010
13A07-A Part of total5.25 x 1013 1.88 x 1012 6.38 x 1012 3.05 x

23AO3-#5 5.39 x W- 3 1.75 x2012 6.14 x 1012 3.21 x 1013
21AA44 7.39 x 1023 3.11 x 10V 1.05 x 1013 4.44 0
13Ao3 2.M Tot 5.2 x 2010 5.40 z .20 1. 1 x 3.07 x 31023A& 2.13 Tol 8.18 x 10 5.29 2.96 1 4.7 x0
30 o Tal 6.29 x 7:.99 z 109 2.96 1 5.25 1

23*04 0.88D Total 1.79 1010 .0 x10 , 4:56 x1 8 8.09x2010
31Ao3 AM.50 ToW-l 7.88 x lo13 3.07 x 1012 8.98 x 102 5.15 x 1013

827-12 C1oi - Total 2.96 x 1013 2. 23 x 20D2 .3:0 1023 1.83 x .014
%2 R11-Clo - Total 1.59:x 1013 3.2 x 1023 2.99 x 0103 2.90 E 1013
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TABLE 3.16 EqU1VAIT flS3ICX r-iM G(. OF WELVE )PDIX1WLID! 3l SmELW.T sPIES

Duplicate analyses vere dsft on all saulrles.
Sazple Numer 03A07-80 indicates .mteril obtained rrom col2ector N\ber 7 at Station 01 and retained
on a f83 U.S. sieve mesh.

Sample No. Weight Particle F099 Fhkio1o6 1131 T,
1 3 2

Size

e microns tisle fis/g tis/g tis/g f1I/g

01o40q-1/4 1.7 6350
01A07-7 i, 2830-6350 5.24 x 1013 3.99 x 10 13  

5.01 x 101
2 

2.42 x 1012 1.63 x 1012
o0A07-12 1.4 1651-2830
01A07-24 1.0 701-1651
01A07-42 0.6 350-701
OIA07-80 0.6 177-350
OIA07-170 1.2 88-177

01A07-250 1.0 61-8A 7.34 x 1012 6.63 x 1012 9.50 x l011 6.53 x 1011 3.32 x 1012
O1Ao7-325 1.0 44-61
01A07-Pan 1.7 44 5:74 x 10 3.39 o 1022 6:55 ÷ 3.91 x 101 2.78 x 1ll
02AO2-1/4 2.73 6350 9.74 a 10U 1.25 x 1012 1.16 x 101 8.80 x 1010 2.62 x 101'
02A02-7 .. -..3 Žd30-6350
02A02-12 -.16 1651-28,30
02AO2-24 1.38 701-1651

02A0,2-42. 3.19 350-?01
02A•02-80 2.20 177-350
02AO2-170 3.69 88-177
owe-2WO 1.60 61-88
02Ao2-325 1.45 44.61
OPA02-Pan 2.02 4 2.15 x 10)1 1. a 1011 1.49 x 1010

2oA04-7 0.5 2830
-24 o.2o 7o1-165i
-42 0.13 350-701

20A04-12 0.25 1651-2830 2.50 x 1012 9.25 x loll 8.46 x 1011
20A04-60 0.20 IT7-350 1.02 x 1012 3.10 x 1011 1.76 1 l011
20Ao4-170 0.68 83-177
2OA04-325 1.92 4.4-.6

2DA04-Pan 1.50 44 2.09 x 1010 3.28 . 010' 1.55 = 1010
20A07-7 2.65 2330-63-0
20A07-12 1.59 1651-2830 1.12 x 102 2.88 a 1010 2.32 x 1010
2DA07-24 ).6 701-1651
2OA07-42 1.71 350-701
20A07-60 1.70 177-350 1.7I x 1012 2.03 x 1012 2.07 x 1011 2.80 x 1010 5.69 x 1.3P
20A07-170 1.69 88-177

2D0A07-325 P.82 44-8e
20AO7-Pan 3.13 44 2.41 x 10i

1  
2.11 x 101 4.73 x 1010 1. 64 r 1010 1.78 x 1010

UAo74#l Part of Total
IIA03.45

13AD3 2.45 Total
23Ac4 2.13 Total

23A03 0.359 Total
23AO4 0.88o Total
31A03 24.50 Total
827-12 Cloud - Total 3.18 x 1013 1.58 . 1014
642-.11 Cloud - Total 1.& x 1013 2.42 x 1o13
Continued
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MUBME 3.1, EQUIVA.f'T t•FSMO3 FPM2' GRAM OF 7W•LV;E PADIOUUC13.LIU LB S137.CIRTD S&MPl.ES (Contd)

Daplleatc a-na1les vere xdL on all =ampl-s.
3,aple ?loner O0J.07-1,0 I1.diater. material ,otaind fro collector Nunber 7 at Station 03 anS retained on 8 #a0 U.S.

lample No. Weight inrticle Cs136 C51
3 7  

Ba
14
O cc1141 Ce144 u239 Np

2 3 9

Si.ze

9 :Alcrons fis/g fluE &g- -r -a Fg 1s/g, rio/ig

01A07-./4 1.7 4 6350
OIA07-7 1.6 2.30-635o 1.29 x 1014 1.23 x 1012 1.20 x IO3 5.54 x 1013 1.623 x o011 1.690 x 20
O0IA0-12 1.4 11b5-2630
OA07-24 1.0 701.1651
o1A07-42 0.6 A0.-7n'
O2AO7-P0 c.6 177-350
O/A07-170 1.2 ".-?77

OIA07-250 1.0 61-88 5.20 x 1012 2.53 x 1011 2.12 x 1012 3.7 x 10 12 9.19 z 2012 1.42 x 10 1 3.16 x 10
10

OIA07-325 1.0 44-61
u2A07-Pn 1.7 C 114 3:143 x 10 1.61 1 x1 1 1.32 x 10 3.05 x 10 5.59 x 102 3.28 x 10 2.103 x 2010
02A02-/14 2.73 4 6350 6.35 x 1011 '..46 x 1010 1.58 x 1011 3.38 x 10 1.01 x 101'2 2.147 x iO

11  
2.04'1 x 109

02A•2-7 0.95 2830-635o
02Ao2-12 1.i6 1651-283o
02Ao2-24 1.38 701-1651

02AO2-42 1.19 350-701
02Ao2-80 2.2D 177-350
02•C2-170 3.69 88-177
o2Ao-25o 1.86 61-88
020A2-325 1.145 J-4-61
OAO2-Pan 2.02 4 143 1.37 x 1011 2.35 r 1010 5.29 x 1010 6.91 x 1 10C 26 x 1011 1.266 x 3011 8.12 x 10•

20A014-7 0.5 4 2830
-h 0.m 701-1651
-1z 0.13 350-701 12

2DA04-12 0.25 1651-2830 5.9 x 2012 4.414 x 10o 1.41 x 10 1 0.3 x 1O12 
2.77 1O]2 6.96 x 1012 3.(-7 Ix 10

2oA04-80 0.20 177-350 1.32 x 1012 1.41 x 1013 :.06 x 101l- 6.16 x lol. 1.1O 1 1012 2.076 x 1010 8.0d x 109
2 -AO4l-,10 0.68 88-177
M.0.o-325 1.92 44-M

20A4-Ftn 1.50 Ic 14 1.02 . 101 1.11 x 10
10 

1.90 x 1010 2.28. 1010 2.63 x 1010 7.66 x 1010 - 1.3 x 10 8

20#07-7 2.65 2830-6350
2DA07-22 1.59 1651-2836 1.05 x 1012 7.1.2 .: 1010 3.08 x -0"' 3.06 x 10o1 1.18 x 1012 8.-8 x 109 14.36 x lO9
20X07-2 1.66 701-1651
2,107-•42 1.71 350-701
QW07-80 1.70 177-315 2.09 x 1012 1.25 x 101 4.88 x lo1l 6.93 x CA 1.90 x 10-2 -. 134 x 1010 7.06 x 109
W0A07-170 1.69 88-17

20DA07-325 2.02 4.4-88 2
2M07F.D 3.23 4 434 3.86 x 1021 2.U 3L x 1010 7.26, 1010- 1.10 x 1021 2.55 x 1011 1.392 x 101 1.10. x 109

14,T-A 8.x-t of total
21A03*e
22A014-A
23A403 2.145 Towa
1310 2.13 .cta1

231o3 0.359 Total
23AAd 0.882 Total
3=3 h. n.0o Total.
827-12-C•A - -OW L 2:35 x 2.1 48 x 101 4.88 2013 7.85 x 13 3.72x 101 1,504 10

12  
1.380 x 10-2

W -Cu-a, - W 897. 1-131 !:.2 x 1013 6.13 7 lo13 1.82 •z L2 1.92 x 10 9•.48 , ion 2.835 x iOn
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Figure 3.1 CoinposIte catIhoube-courter decay curve obtai- d from
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Figure 3.2 Compc.ite 4-pi ion-chamber dccaF curves obtained from

inu~ivietul decay c,•rve, of nine s:cvc fractions frcm StatrIn 01.
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Figure 3.4 Cumulati e particle-size distributions of four IAu' gross samples.
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49

Autoradiograph Photomicrograph

Figure 3.6 Photomicrographs and autoradiographs of selected fallout particles.
Active glassy coating of inactive pebble, active vesicular glassy particles, and
inactive pebbles.
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Figure 3.7 Cumulative part~cle-size distribution in cloud samples
described in Table 3.19.
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' H + 33.5 HRS
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STATION 01,30
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0 20 40 60 80 100

CHANNEL NUMBEP

F~gure 3.8 Gamma ray spectra plots of grogs samples
from u.ations 01. 12. and 30 (0.5-gm sample).
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Gamma ray spectra plots for Station 21A01 gross

selected characteristic particles.
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CPAFER4

C0!UCLSIONS ;J1D REC0OMIUMfl0NS

The quality of measurements made by this project was

better tier. that of previous weaý-n-test field vork because

of the improved 'Instrumentation and past experience of proj-

ee personnel. In additien to gathering sufficient data

to nret the eijectives of the project, marticipation- it. the

Johnie Boy event provided a pilot study in recently devel-

oped sample recovery, handling) and e.nalysis te4chniques that

was to prove beneficial in obtninir.Z data from the Snall

Boy cvent.

In contrast to the unstable shot-time winds at the

Small Boy event, the Jobmie Boy wind structure n3ulid offer

the fallout modelmakers an experimental check point. Rela-

tively steady-state wind conditions during the short dura-

tion (about 0.1 hour) of the close-in fallout event should

provide reliable inFuz for models where time ar-d spatial

variations of winds are not considered. However, recosni-

tion of the weapon Geometry (23-inch burial), crater volu.-c,

and particle siza-activit, relaticnships will probably be

required for successfuli prediction of Lallout patterns.

Unfortunately, tinc-incrc-ie,-tal co•lectirs ucre net zros-
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sible and an important source of fallout-model input was

not available.

Perfornance of the basic fallout collectors was very

satisfactory and the type of fallout collected was easily

recovered for analysis. Although some background material

nay be present in the sample, the amount is very low be-

cause of the stable nature of the surrounding soil.

Particle-size and gamma-activity distribution data bas

been reported but not interpreted. Active fallout particles

were formed that were larger than the native soil particles

originally present in the vicinity of ground zero. The

elemental compositions of samples analyzed was generally

similar to that of Operation Jangle samples. The number of active

particles ranged from 0 to 50 percent with the larger particle

size ranges having a higher percent of active particles.

Leaching of radioactivity was generally greater for

longer time periods and for pH I (lCI) solutions. About 15

percent of the radioactivity was leached frcm the fallout

from one station during a 3-dan leach time between 32 and

15 days after the shot. One early-time 1-hour leaching

test showed 0- to25-percentof activity leacnediand one later

7-day leach test showecL no measurable leaching. Fused

particles showed less leaching (by factors of 10 to 50)
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than other selected characteristic particles with identical

gamma-ray spectral analyses. This indicates little surface

radioactivity and that the physical state probably has a

great influence on solubility of radionuclides.

Exchange of radioactivity from fallout was generally

higher for montmorillonite clay (0.5 to 51.2 percent) than

for adobe soil (0.4 'to 19.4 percent). As with leaching,

physical state of the material seemed to have an effect on

activity exchange rates.

The air ionization rate (r/hr) variation with time 3

feet above the ground at a majority of the fallout collec-

tion stations was successfully documented. Dose (r) his-

tories were determined on individual relative bases start-

ing from arbitrary times because of uncertainties in the

initial gamnu dose due to terrain shielding and weapon. deto-

nation geometry.

The similar slopes of the decay portion of the dose-

rate history curves at many stations indicates little rela-

tive fractionation of radioactivity from station to station.

The computed "R" values confirm this relationship. However

the "W" values measured are different from those found in un-

fractionated fission products. Between H+I and H+l0 hours

the decay rate approximates t" 1 . 2 within the range of t-1.1

to t"1"3.
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APPENDIX A

GAMMA DOSE RATE AND DOSE-VERSUS-TIME TABLE

Table A.1 consists of reduced data incorporating all correc-

tions and interpretations that could reasonably be made to obtain

data from a maximum number of stations. Uncertainties in the

accuracy of the dose vilues are explained in Section 3.3.
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"TABmE .. IX)SE RATE AN) DOSE VERSUS TIME AT INDICATED LOCATIONS

Station 01 Station 02 Station 11
TiLe Dose .2te Duse Tine Doseo rte Dine Time Deobe Rite Dose
(hr) (r/hi.) (r ) Or) (r/:,r) (r ) (hr) (r/hr) (r )

0.05)3 1613.4 24.315 0.0032 65344 0 0.0031 109650 0
o-.o15 1432.6 32.290 0.0042 47193 56.26 o.00o42 49451 82.8
0.070- 1299.9 4Io.&1 0.0063 20889 127.1 n.0062 23022 163.4
0.076o 121.o 47.259 0.0034 12252 161.6 o.oo94 16702 232.5
30^.01 1107.3 52.020 0.0o0 2168 172.1 0.0135 15285 29W.3
0.0-)5 962.59 61.695 0.0115 5940 IV6. 0.0167 17274 349.3
o.o947 1".1.24 66.5-5 0.0136 4575 200.1 0.020" 2251" 429.7

9.1c') 22.03 72.350 I0.03V 1672 204.3 0.0240 74177 584.5
0.1012 737.15 7V.340 0.0167 3068 211.3 0.0260 70425 741.1.
0.2207 659).0? "C.312 0.0209 2319 220.3 0.0292 7t%25 994.o
o.129) 595.04 )1.493 0.0313 1433 23,:.4 0.0333 60±63 129-0.5
0.1404 527.(n 717.313 0.0m406 107 250.2 0.0396 6oo4l 1(75.1
0.a50^ ^20.39 103.12 0.0500 "9.5 259.5 o.o4 5,2542 195).5
0.1602 l3,37.0 12o7.L 0.0603 726.5 267.8 e .c0oi 45036 2223.0

0.270.' 4,03.0 2.11.' 0.0707 6D3.2 274.7 o.c(C4 36029 2C'50.0
0.1799 37e.- 115.1. o0 • OnL-94.9 260.3 o.c-23 31136 2953.0
0.2.093 346.0o 13.? 0.0905 421.5 2S4.6 0.080" 261-30 3260.0
0.1986 3C2.3 121.9 0.1001' 359.9 22'.7 0.0906 23570 352-.0
0.2101 302-.56 225.5 0.1495 169. 300.3 0.1000 21017 3731.0
0.2217 278.6 12l. 0.1897 100.2 306.1 0.1302 16061. 4254.o
0.229 263.1 131.3 0.2001 90.36 307.0 0.1500 13934 4579.0

0.2392 250.4 133.5 0.2407 55.06 309.7 0.2000 10294 51'2.0
0.2496 238., 136.0 0.3001 37.17 312.4 0.2500 8242 5630.0
0.2600 227.8 133.4 0.4084 24.17 315.5 0.3000 6793 6003.0
O.2714 215.4 141.0 0.5136 13.35 317.7 0.4010 4888 6584.0
0.2807 207.3 143.0 0.6507 14.36 319.S 0.5000 3742 7007.0
0.2901 196.5 145.5 0.7917 11.26 321.7 nA.6OO 2957 7340.0
0.3202 174.2 ; 50.5 0.-938 9.6s 322.9 0.6919 2377 7602.0

o.4o13 132.3 162.9 1.00y7 7.69 324.4 o.7939 I966 7"F1.0
0.5021 102.3 174.6 1.5938 5.07 3-7.6 0.9010 1657 .000.o
0.5997 30.62 133.4 2.0o23 3.?2 329.7 0.997P 1I:lf l149.0
0.6530 72.72 117.3 3.002 2.76 332.7 1.1072 12o6 C292.0
0.7010 ;.ý.2 190.7 L. 195r 2.02 335.5 ).5051 704.9 1674.0
0.7500 5,.46 193.7 5.17,^! 2.6 337.3 2.19W. 46P.7 90%6.0

O."010 54-.21 196.5 6.4812 !.2?ý 339.2 3.0023 332.0 9400.0
0.3510 52.4i. 199.2 7.5217 1.1o 340.14 4.0o06 246.3 9g(;.0
0.9010 45.37 2Ol.6 9.03!45 0.731, 3111.9 5..24-4 l33.2 "941.o
0.9510 42.00 203.3 12.0114 0.671 341.2 6.49",3 143.3 10220.0
0.9990 39.23 205.7 7.4929 121.( 10292.0
1.1010 34.67 2o9.6 ".4959 11o.4 I03,1?.o
1.4010 24.55 21?.1 10.0041 92.95 10549.0

11.973-' 76.69 13712.0
1.9000 16.66 22^.1
2.3010 13.19 234,.0
2.70-0 20.35 241.0
3.2031 9.41 244.o
4.oo62 7.63 250.8
4.9698 6.02 257.3
5.9n5 5.02 262.9

6.99),= 4.22 267.5
3.5093 3.46 273.3
9.4937 3.11 276.5

11.0010 2.66 290.8
11.9750 2.46 233.3
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TABI.E A.1 CONTINUED

Station 14 Station 20 Station 21
Time D.se •t•e Do=e Time Dose Rate Dose Tine Dose Rate Dose
(hr) (rlr) (r ) (hr) (r/hr) (r ( h) (r/l-) (r )

0.0332 532S 0 0.0010 19185 0 0.0010 9500 0
0.0053 4393 10.11 0.0031 7663 27.86 0.0033 4389 15.38
0.00wt 2449 17.17 0.0052 4169 40.11 0.0052 2520 21.51
,.oo04 1573 19.22 0.0062 2596 43.59 0.0062 16 23.65
0.0115 1096 23.35 0.0083 1831 48.l 0.0082 1172 27.57
0.0136 312.1 25.31 0.0103 1391 51.49 0.0103 8M.0 29.66
0.0156 630.7 26.79 0.0124 1142 54.13 0.0154 3S6.6 32.23

0.0376 477.. 27.91 0.0145 977.6 56.29 0.0196 500.6 34.46
0.c207 370.8 28.21 0.0155 P67.0 57.2V 0.0237 4C2.1 36.49
0.0377 111.3 32.61 0.0176 791.7 53.96 0.0.300 516.3 39.56
0.o467 76.0 33.42 o.0196 723.0 50. % 0.0352 623.0 42.49
0.0536 61.70 33.91 m.02483 618.6 4-00 0.0395 P38.1 45.62
o.0616 50.35 34.35 0.0310 502.; 67.45 o.0416 1135 47.76

0.0706 42.26 34.77 0.04o4 400.0 71.58 0.0426 1491 49.15
0.0,26 35.09 35.23 o.o497 331.8 14.99 0.0447 2006 -1.?2
0.0965 29.17 35.63 o.c-to 245.2 78.29 0.0463 2632 57.63
0.1126 24.31 36.12 0.0703 133.3 ?0.97 0.0489 3254 63.84
0.1326 20.70 36.57 0.0825 1.19.Z; r 2.11 0.05oo 429o 67..0
0.1E4 14h.20 37.46 0,0947 39.17 83.37 0.0552 134T77 :o8.6
0.2193 11.67 37.91 0.1110 71.76 84.67 0.0594 18368 176.3

0.2623 9.79 38.38 0.1531 50.36 8, .19 o.0a6 19372 275.2
0.3134 7.60 38.82 0.2014 40.03 39.22 0.0667 19074 315.3
0.3767 6.12 39.25 0.2507 29.96 90. .4 0.0698 17839 372.7

o.2968 25.04 92.18 0.0750 15998 461.5
0.3489 2).82 93.43 0.0792 15213 527.0
0.4451 15.59 95.18 0.0375 13625 0$7.3
0.5052 13.53 96.04 0.0953 125?7 756.5

0.0;S9 9.72 )7.69 0.1031 11427 £14.o
0.7521 7.90 9P,.59 0.1469 7047 1257
0.7116 6.75 99.25 0.2052 5636 i4
1.0052 5.24 100.2 0.2552P 45P5 1296
3.••453 2.93 102.1 0.3062 3729 2105
2.0137 2.03 103.4 0.3937 2M11 2339
2.5WL- 1.054 14.4 0.5072 2065 262-5

3.0322 1.30 105.0 0.5953 1670 2F25
4.o013 0.967 1o6.1 0.6989 1335 2979
5.5175 0.687 107.4 0.8520 1001 3156
6.5oi9 0.572 108.0 1.0217 767.2 3305
7.4935 0.189 108.5 1.5195 431.2 3539
3.4351 0.JL32 109.0 2.061 2(9.5 3779
9.4820 0.301 109.4 2.9890 190.6 3993

l0.9829 0.327 109.9 3.9847 142.6 4355
11.9860 0.293 110.2 4.90,55 109.P 4279

5.9759 89.67 4378
6.9ý.6 74..±ý W, 5
7.5062 70.56 4498
8.5010 65.75 4565
9.4812 54.51 4626

n.oo42 48.22 4709
12.5042 41.93 4776
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TABLE A.1 CON fMNUED

Statjcm 22 - -ttlon 2-3 -tatton 24
TL'"-e Dose Rate Dose Tine Dose Ihte Do5e T7ie Dose Rate Dose
(l'r) (r/h=) (r ) (hr) (rl'r) (r ' (Ir) (rl/hr) (r )

0.0021 9T72 0 0.0031 2037 0 0.0225 IP.7 0.2513
0.o041 3654 13. '6 .0o43 10)3 1.56 0..321.( 217.6 1-5350
o.0o62 1976 19.66 0.oo0 2.; 3.30 o.o2C,7 4.o 0.7009
0.00c'2 1217 22.93 0.00)1 hog9.9 )4. 1', ".0329 2?9.C" 3.05
0.0093 950.0 23.97, 0.0111 276.a 1.15 0.0371 20.70 1.27
0.0113 613.4 25.46 0.0140 192.5 6.25 .o4, I. ji." .
o 064 343.2 27.91 0.02C9 104-.3 7.22 0.05C9 5.97 I.3

0.0194 264.2 28.33 0. -309 77.3 ^.12 0.Dý"3 3. 6 J.4Ib
0.0254 169.7 30.12 0.,413 :6. 3".91 0.076< 2.7D 1.47
0.o294 131.5 30.73 0.053 '2.2 g.74 o.o ;o C.•, ).4)
0.0422 66.93 33.95 0.0612 '1.2 10.51 0.0)53 3-h' -.53
0.0595 35.17 32.41 0.0725 71.1 n1.31, .103 1.03 2.5:
0.0743 21.67 32.-1 0.0353 4,.3 12.16 o.2-5) 0.3!, 1.55
0.0q99 10.10 33.63 o.11oo 22.9^ 12.23 0.23' 3 3Z56 I.57

0.1135 8.55 33.7' 0.1573 14.36 13.40 0.264' 0.19^ 2.5
0.1405 6.22 34.0 3.2226 9.93 111.60 0.3176 0..143 1.5)
0.1999 4.0 34.30 0.3497 6.11 15.5q8 0.•`-3 O. 2 Ili .6o
0.2539 3.17 %,;.48 0.503^ 3.94 24.23 0.4350 1.3 1). '1
0.5061 1.39 35.00 0.0155 2. 16.7i
0.9253 0.619 35.39 O. "o2, 2.10 37.19
1.5016 0.326 35.-0 o.9465 1.66 17.46

2.5034 0.1-5 35.09 1.013' 1.53 17.55
3.5302 0.120 36.04 1.5063 0."51 ]^.]2
4.506o 0.100 36.16 1.M)33 0.597 .'.46

2.4359 0.457 1V.72
P.9796 0.33,2 1.93
3.1,316 0.329 1).11
3.9%7 0.2"1 19.26

4.4929 m.'49 19.4o
4.9901 0.225 19.52
5.4,61 0.207 19.62
5.9313 0. 1'8 1-.)72

, h395 0.172 1I)16.9:02 c.!; 19 ..r9

7.4-11 o.143 19.97

7.9722 0.233 0o.04
.481o 0.12G 20.10

,.9351 0..19 20.17
9.4976 o.114 20.2.5

10.0079 0.107 '20.23
10.52 O? 0.101 20.4
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-- TABli,F A.) C(;N'rNUEI)

'0!o ý "'Lt in ýZt., 2
" C, F:7. 'I. *e I'• " ,-, "i• "ate D,"4e

(.'-) Cr!:".) C r (, -' (r:-r) (z I (:-) (r/U') (r )

XT ).5 i.97T, n.(0 230.!, ).19)52 0.0213 .
0.OO0 3+.")." 3.44 3.)0+0" l .1 1.70 0.0422 12.75 0.302
.3"') •-.• .44 0.0125",. 2.11 0.0230 9.0 0.537

2. .1 4 .12 0.01" ! ,.h 2.50 0.073) 7.5" 0.6(Z7
0.0,)l -03.3 ,.55 0.0301 30.30 2.9k 0.0)42 6.15 0.700
0.02.C 7,. )2 5.9? 0.o439 -2.1• 3.37 0.14-3 3.2" 1.01

0.~24 ,.72 . 9 0.0151P .6 3. 1 0. 2074~215 13-,) ý 1, 0.2L-, 2.15 1.35

o.0354 LO.:o " 0.0632 0;.2• 4.24 0.250o4 1.71 1.25
J.0 4'+ . •.. o. 0 .06" M6.12 4. 67 0.3025 1.33 1.33
0.0530 7.7. • ,."5 0-0755 13^-5 5.52 o.4o66 0.057 1.45
o.06,1J 55.1-. .0 0.032 240.2 6.'2 0.5004 0.oI"6 1.53
1.)72 5. C- .4 0 0.01,54 339.0 7.46 0.69C2 0.5`•3 3.67

.0o7(17 79.)3 .96 0.0" " 46.5 'X.74 0.2752 0.400 1.75
0.17?2 99.) ) . 0.0907 629.0 9.91 0.7793 0.2-2 1.79
" s.0'h 2 I2.0 O.7" 0.0929 1001 11.55 1.1665 1.rr? I. ,.

3.0867 12;.0 10.33 0.0939 1675 13.10 1.2809 0.m47 1. 5
0.0 )- 1212. 10.3. 0.0956 7•21 26.97 i.457 0.115 1.,27
0.072, 10).5 10.97 0.'013 2127 2%,10 1.5-27 0.102 1.,9
0.1027 73.15 11. I0I 10 1"59 46.0
0.1175 45.33 12.72 0.1210 1043 G.75
0.113P 34.o0 13.54 o.13o4 1502 79.42

Q.1619 2'..35 14.26 0.139% 140" 93.04
0.1'17 24.7- 14.79 0.1512 1298 10d1.5
0.2015 22.^o' 15.26 0.1793 1092 141.9
0.2494 1C.09 16.23 0.2012 97, 2.r 104.3
0.300a 14.9 17.G" 0.2512 772.6 207.4
o.ho46 io. 0 .4o 0.3001 637.0 241.7
0. 5462 7.41 1-9.67 0.4000 46o.D,: 296.o

0.6452 5.9, 20.33 0.5031 34,.4 337.-2
0.6077 4.37 21.16 0.6o40 274. n 3 61.7
0.9004 3.74 21.54 0.7019 222.7 3T2.9
1.1016 3.13 21.93 0.Ml49 122.4 413.7
1.3108 2.21 22.69 0.9027 154.6 430.0
1.,1149 1.67 23.43 3.5025 122.9. 4F).7
2.5055 1.01 24.50 1.5092 72.14 493.o

3.3596 0.71- 25.23 1.9388 50.03 522.1
4.4627 0.53 25.94 2.42P 35.62 547.7
5.4501 o.413 26.36 3.0012 2.8& 565.5
6.4C55 0.336 26.74 4.0272 20.37 590.5
7.4427 0.286 V'.o 5.0355 16.50 609.2
3.4051 0.249 27.29 7.02DP 1.50 636.3
9.5009 0.22D 27.55 9.9963 8. 670.3

10.98&o 0.188 27.85 11174 7.16 673.1
12.0010 0.170 28.03
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TAB! 1: A.I CONTINUM:)

2i !oze t Done Tine4 Doce P1-tc 10--c

D.Iwi" ý5. 1) '30.0197 327.' 10.32
W: Z,0 39.0o I'3.7" ).04l3 3'2 .r IcX56

0.06 0.4f 0.V47 0.0652 113.s .:3
m.O3 2.Lr ). 27L. 0.,)6"2 1.02. 1: -

D.00 15.3 J.31 0.072t. i5,.2 ý7
^.0-1.4 i0.70 0.323 0.07W7 -7.3 ?0

¾02 k0 .439, 0.035L 36.47 2. -),
:~ %: o.47C 0.1266 .14.55 22.54

0. 52f- 0.62,'2 9.0) 21.5
'~.48 244 .53C.20',- 6.52 2P'.

0.5ý 0251L 5.0) 22.541
3.7 40.& .29-,. 4.02 22.7j

0. 40.6L1 0.-3776 3.3 23.0.2
3.100 03 5^65 ).5200 2.00 2T.3

0.3302 0. C6 ').O~: .2 ".

)* 077 3.'2?6 :L.04 23.'2
.3. 9'X 0 -oi 23.9,

ý.25) 4 D.P4 0.95' 2..2252 0.504 24.23ý

0.5242 :)0.-)-o 3.31;27 0. 20i '24.7,2
.55 0*'4 0.22) 4 .59-'- 0.33IN 2!- 2
0.04 0.125 1.01 5.7'Y7 0.105 25.12
0.207 0 07 1.02
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APPRIDIX B

DEVELOMENT OF BASIC FALIMT SAMPIE COLLECTOR

The successful collection of fallout requires initial

capture of the falling material, retention during the post-

shot meteorological environment, and easy removal for analy-

sis. Previously developed collectors have relied on inserts

(such as hexcel) or sticky surfaces in the trays to create

particle traps or dead-air spaces to contain fine particles.

Past collections have shown losses by large particles bounc-

ing out and difficulty in processing particles imbedde! in

a sticky-surface coating. Sane difficulty has also been

experienced with shredding or disintegration of certain

types of inserts.

The approach used in developing the present basic col-

lector was to develop a better tray inse-t that could most

effectively trap and retain the falling particles and from

which the fallout could be easily removed for plrsical and

chemical analyses. The fallout material expected from a

land-surface nuclear detonation is a dry, granular parti-

culate, so emphasiu was placed on capture and rctention

of this material.

The experimental proof-testing setup shown in Figure

B.1 was built at Camp Parks, California. Measured amounts
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of coarse sand in different size ranges was ejected from a

sandblasting nozzle at an angle of 660 to the vertical to

inpinGc on various collector configuraticns at an angle and

speed which sir• ulated the arrival cf fallout. This angle

applies to a range of conditions fron 00-micron particles in

a .l-knot wind to 800-micron particles in a 16-knot wind.

Several collector insert geometries and orientations were

used with different particle sizes to establish the most

efficient collector configuration. Table B.l summarizes the

test conditions and the results obtained.

Using the best collector from the above tests, further

tests were made using a straight drop of 30 feet where the

material dropped was restrained by a 2-inch-diameter pipe

for the first 20 feet to insure that most of it hlt the

collector. The results of these tests, also surized in

Table B.l,show general2y higher retention in all collector

configurations, but similar relative retentions.

The best basic collector vas ultimate:Ly used during

NRDL participation in Shots Small Boy, Johnie Boy and Sedan

at NTS (Figure 2.2). It consisted of a #16 gage aluminum

pan 2h inches square and 2 inches deep with an insert of

2-inch-wide x 23-7/8-inch-long bare aluminum venetian blind

louvers. They were mounted on l-l/4-inch centers in two
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parallel notched aluminum retainer bars at a 45-degree angle

to the vertical. The concave surface c& the louvers faced

upward, and the most efficient collection of material wV

achieved when taey cloped or opeaci tchrd the direction

from vhich the material ame, In •he field, thbe opened

into the direction of the exm. cted wind.

The collector trays, coverk and inserts vere given a

perchloroethylene degreasing treatment prior to bhing closed

and shipped to the field. 2Iis remove, any grease that

might cause the dry fallout tc adbe.e. Collected allout

vas easilv removed by tappl&in or brushing the louver ineert,

or by disassembling the iisc .t and brushing the individual

louvers. The dry particulate fa lAt collected in Nevada

showed little tendency to adhere tn the bare al=wmjnm, so

that divassembly of the insert -sually proved unnecessary.
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APPENDIX C

TREATMENT OF SAMPLES RETURNED TO NRDL

Sample No. ladiochemical Analyses(a)

ccaplete(b) la1( )

01-A07 + i/4
01-AO7 + 7 x
01-A07 + 12 x
01-AO7 + 24 x
01-A07 + 42 x
01-AO7 + 80 x
01-AO7 +170 x
014.Ao + 250 x
01-AO7 + 325 x
01-AOl Pan x

01-A08 Gross

02-A02 + 1/4 x
02-A02 + 7 x
02402 + 12 z
02-A02 + 24 x
02-A02 + 42 x
02-A02 + 80 x
02,02 + 170 x
02402 + 5 x
02402 + 325 x
02-A02 Pan x

2k5 Right Cloud Particle Stuies
245 left Cloud Particle Studies

2D-A(* + 7 Combd. x
20-AOk + 24 for x
2•-A4 -L 42 Ani. x
2O-AOl + 12 x
2D-AOU + 80 %
2D-AO4 +170 x
2D-AO4 +325 x
2)4O.O Pan x

2-407 + " x
240AO7 + 12 x
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Sample No. Radiochemical Analyses(a)
Cwn.plete (b) Partial(c)

20-A07 + 24 x
20-A07 + 42 x
20-AO7 + 80

20-A07 + 170 x
20-A07 + 325 x
20-A07 Pan x

1I-A07 1 Decay
)I-A07 2 Particle Study
1,-A07 3 Particle Stt•y
li-A07 4 Gross x
11-A07 5 Decay
11-A07 6 Samples Particle Study
1I-Au7 7 Particle Study

21-A03 1
21-A03 2 Identical
21-A03 3 Decay
21-A03 4.Gross
21-A03 5 x
21-A03 6 Samples Decay
21-A03 7

21-A04 1
21-Ao4 2 Identical Decay
21-A04 3
21-A04 4 Gross x
21-',o4 5 Samples Decay
2l-Ao4 6

13-A03 Gross x
13-A04 Gross x
23-A03 Gross x
23-A03 Gross x
23-A04 Gross x
31-A03 Gross x

827-L2 Cloud x
842-RUl Cloud x

Notes: a Duplicate analyses were madg on all samples.
(b) Complete fadiocbeistry r 0 9 SrOO Y9 , Z ,

Mo99 Rul03 fRlO6 Te131  Il l. Te 32, Ca36.
Cel3f, Bal46 Cel41, Ce14, Pu239. Also,
W167, (Np2391 on shipments of 7/20/62 ---d 7/31/62

(c) Partial Radiochemistry: Sr 8 9, &r 0 , .r9 5 .
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APPNDIX D

BASIC RADIATION bSURROM

Tables D.IA, D.1B, M.2A, and D.2B present uncorrected

sample radiation measurements and corresponding time, back-

ground radiation, and radiation standard measuremnts re-

quired to correct them for comparison and asnaysis. weae

are the raw data manipulated by the IRDL IM 7W4 cuter

to generate Tables 3.3, 3.-, 3.5 and 3.6.

Tables D.MA and D.IB are seintillation-counter measure-

ments for basic data and decay corrections of basie data

respectively. The sample number OIA01 identifies the sta-

tion number (01), an always-open collector (AO), and

collector in Number 1 position as described in Section

2.3.1. "E" indicates the residual reading after the fall-

out has been rcmoved from the collector. Age is given

in thousandths of a day after shot time and "CH-NO" iden-

tifies the particular one of 3 available cathouse counters

used.

The original intent of the collimator was to attenuate

the sample radiation intensity in a consistent manner to

provide high-and low-range measurements, extenling the

usefulness of the counter. No consistent high-range

measurements using the collimator could be made. Data
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analysis has been limited to using counts with the ssw~e

coincidence correction used on Shot Small Boy data

between 106 counts/min and 4 x 106 counts/min, the upper limit of the

scintillation counter. Background is to be subtracted

from the raw counts and "STD" shows c/m response to a

radium source used to calibrate the instrument.

Tables D.2A and D.2B are 4 -pi ionization-clamber

measurements for basic data and decay corrections of

basic data, respectively. The sample numbers are the

same as fox the scintillation c~untcr except that some

of the samples are combined from several collectors as

indicated. The sieve mesh numbers given have openings in

microne as follows:

Mesh Microns

7 2830

12 1410

24 710

42 350

80 177

115 124

170 88

250 61

325 44
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500 :-esh inlicates minus-3215-mesh material retained in the

pan, and Ni" means material was vet-sieved. The size of

milnus-325-nesh material, classified by a water-column

sett3ing technique, is given in microns. Weights given

are the amount of the total sample retained on the stated

sicve size and one two-nundredth of total weight less than

stated micron size for the settling-column analyses.

Columns fotu and fivý give age in days after shot and

the reading in milliamps of the sample. Columns six and

seven give aGe and rcading of gross water-column samples

before they were centrifuged. The background should be

subtracted from all gross readings and the standard is used

to correct all readings for changes in instrument sensiti-

vity. Ideally, the standard should read 670 x 10"9.
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TABLE 0.1A UNCORR.LTLO SCINTILLATION COUNTER RADIATION MEASUREMENTS (DATAI

SAMPLE EVENT AGE CH COLLIMATOR OUT COLLIMATOR IN 8KG STD
NUMBEP (DAYS)NO ((/M) (C/MI (C/M) (C/MI (C/MI (C/MI
01 A0 1 JB 4.025 2 730335 731728 15186 15210 1179 31035
01 AO .? Jb 0.492 3 2492893 2495411 168210 166836 263 34228
01 AO 2 J8 E 0.572 2 52918 52559 690 31206
01 AO 3 JB 0.455 3 2178456 2179848 100230 99848 369 34226
01 AO 3 J8 E 0.480 3 94391 93953 354 34228
01 AO 4 JB" 0.464 3 1538734 1538460 68363 68719 294 34228
01 AO 5 J8 0.475 3 1700100 1696795 75506 75486 354 34228
01 AO 6 J8 0.461 3 2714355 2728472 209974 208530 294 34228
01 AO 7 J8 0.481 3 2531482 2538937 105977 106366 354 34228
01 AO 7 JB E 0.576 2 60548 60957 690 31206
01 AO 8 J8 0.497 3 5174573 5196261 466454 486258 475 34228
01 AO 8 JO E 0.574 2 46278 46883 690 31206
01 AO 9 JO 0.449 3 761331 891096 24795 24913 369 34228

02 AO 1 J8 0.430 3 302900 302700 310 34228
02 AO 2 JO 0.429 3 296400 296400 310 34228
U2 AO 3 Ji 0.437 3 149200 147072 360 34228
02 AO 4 JO 0.438 3 231972 230971 360 34228
02 AO 5 J8 0.433 3 286400 285500 360 34228
02 AO 6 JO 0.435 3 224200 224600 360 34228
02 AO 7 JB 4.021 2 4837 5041 1179 31035
02 AO 8 Ji 0.436 3 240900 239500 360 34228
02 AO 9 JO 0.441 3 149763 148827 334 34228

11 AO 1 JB 86.173 3 1212216 1213152 34067 33774 593 34204
11 A0 1 JB 91.064 3 1185738 1186282 18096 130 34204
11 A0 1 JO 170.000 3 564296 565513 3815 33100
11 AO 2 JO 91.083 3 1163235 32750 130 34204
11 A0 2 JO E 91.093 3 780 130 34204
11 A0 3 JB q1.086 3 1348301 37754 21.2:4
11 AO 5 JB 91.087 3 1753803 60753 130 34204
11 AO 7 JO 7.511 2 4930792 4958803 603276 602376 2096 32132

12 A0 1 J8 0.434 2 34179 33273 500 31206
12 AO 2 JO 0.437 2 35130 34958 500 31206
12 AO 3 JB 0.440 2 34910 34808 500 31206
12 AO 4 JO 4.024 2 4399 4455 1179 31035
12 A0 5 JO 0.444 2 31009 33099 500 31206
12 A4 6 JO 0.447 2 46579 46676 500 3120i
12 A0 7 JB 0.448 2 36272 36160 546 31206
12 AO 8 JO 0.451 2 435520 435612 13151 23279 546 31206
12 AO 9 JO C.461 2 54860 55527 689 31206

13 A0 1 JB 7.529 2 2137 2162 1697 32846

14 AO 2 Ji 0.421 3 3477 3455 320 34228
14 A4 3 JO 0.394 2 3859 3869 451 30946
14 A0 4 JB 0.410 3 3767 3648 304 34228
14 AO 5 JO 0.417 3 3362 3452 304 34228
14 40 6 JO 0.408 3 3544 3577 304 34228
14 A0 7 JO 0.413 3 35.)5 3412 304 34228
14 AO 8 JO 0.427 3 3279 3442 310 34228
14 AO 9 JB 0.414 3 3428 3383 304 34228

20 AO 1 JO 0,401 2 15183 15284 451 30946
20 A4 2 JO 0.512 3 21199 20849 386 34228
20 AO 3 JO 0.523 3 10485 10359 420 34228
20 A0 4 JO 0.520 3 265970 266245 420 34228
20 AO 5 JO 0,511 3 20248 20067 414 34228
20 AC 6 JO 0,515 3 17819 17668 414 34228
20 AO 7 JO 0.510 3 194214 194340 366 34228
20 AO 8 JO 0505 3 14014 13934 291 34228
20 A0 9 JO 0,501 3 149444 149064 291 34228
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TA"Lt D.IA UNCORRrLTtD 5CINTILLATION LOUNTER RADIATION MEASUREmENTS (DATA)

SAMPLE EVENT AGE CH COLLIMATOR OUT COLLIMATOR IN BKG STD
NUMHER (DAYS)NO (C/M) (C/MI (C/MI (C/MI (C/MI (C/MI

21 AO 1 Jb 86.184 3 742641 744190 450 34204
21 AO 2 J8 7.53! ? 3907578 390QQ92 206047 205966 1697 32546
21 A0 3 JO 8.401 3 4409703 4434423 478 34228
21 A0 4 Ji 8.378 3 4..5145 4467643 182831 49) 34228
21 AO 4 J6 E 9.482 3 21410 2145Q 492 34228

22 A0 1 JO 0.398 2 1381 13?7 451 30946
22 AO 2 Ji 0.432 2 1281 1241 525 30946
22 AO 3 JO 0.430 2 1298 1293 525 30946
22 A0 4 JO 0.427 2 1261 1264 478 30946
22 AO 5 Ji 0.401 2 1791 1261 451 30946
22 A0 6 JO 0.402 2 1298 1240 451 30946
22 A0 7 JO Oc

4
26 2 1392 1344 478 30946

22 AO 8 JB 0.422 2 1331 1201 478 30946
22 A0 9 J8 0.419 2 1343 1316 451 30946

23 A, 1 Ji 9.490 2 855 309 32439
23 A0 6 JO 9.486 2 846 868 63 32439
23 AO 7 JB 9.488 1 908 1092 125 32439
23 A4 9 JO 9.489 2 919 891 309 32439

30 A0 1 JO 4.010 2 4007 3891 1179 31035
30 AO 2 JO 0.461 2 11794 11685 689 11206
3ý AO 3 JB 0.468 2 101518 101190 262 249 190 31206
30 AO 4 JO 0.472 2 28C02 28153 6P5 31206
30 A0 5 JB 0.474 2 90714 8*1.45 095 31206
30 AO 6 JO 0.477 2 148410 149137 695 31206
30 A0 7 JO 0.478 2 4643 4784 695 31206
30 AO 8 JO 0.481 2 29959 29891 695 31206
30 AO 9 JO 0.482 2 20729 20305 695 31206

31 A3 1 JO 7.535 2 1428592 1427755 1697 32846
31 AO 2 JO 9.500 2 1079757 1079654 16306 15895 738 32439

31 A0 2 JO E 9.550 2 8972 8923 869 33123
31 AO 3 JO 8.428 3 1287773 1290301 18745 18716 478 34228
31 A0 3 JO E 8.479 3 12430 12228 492 34228
31 40 4 JO 8.388 3 1369217 1370197 20710 20729 739 34228
31 A0 4 JO E 8.469 3 11399 11371 493 34228
31 A, 5 JO 9.517 2 1184128 11A5vf.9 34063 33771 825 -43123
31 AO 5 JS E 9.53A 2 7999 8152 795 33123
31 A0 6 Ji 9.527 2 1079500 1081274 16792 16601 825 33123
31 A0 6 JO E 9.535 2 6075 6259 795 33123
31 A0 7 JO 9.510 2 1082027 1082516 21356 21322 738 32439
31 A0 7 JS E 9.538 2 10468 10256 795 33123
31 A0 8 JB 9.507 2 1125723 1126415 24828 24484 738 32439
31 A0 8 JB E 9.540 2 6357 6323 795 33123
31 A0 9 JB 9.503 2 1092630 1094527 26207 26182 738 32439
31 AO 9 JO E 9.549 2 7380 7856 869 33123

32 A0 1 JO 0.492 2 1303 1342 549 31206
32 A, 2 Ji 0.492 2 4037 2419 545 31206
32 A4 3 JB 0.499 2 2383 2322 723 31206
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TAbLE 0.1d UNCORRECTtO SCINTILLATION COUNTER RADIATION MEASUREMENTS IDECAY)

SAMPLE LVENT A0E Ch COLLIMATOR OUT COLLIMATOR IN BKG STD
NUMBER (DAYSINO (C/U) (C/M) (C/M) (C/MI (C/MI (C/MI

U1 AD I J6 0.474 3 4281935 4280342 370093 371185 323 34228
01 AD 1 Ji 1.029 2 2597287 2592778 317297 321332 367 31035
01 AD 1 JO 2.164 2 1639000 1539000 45200 4560*1 600 31035
01 AO 1 JO 3.034 2 1105686 11085Q3 25708 25578 589 31035
01 AD 1 JB 4.02'. 2 730335 73172. 15186 15210 1179 31035
01 AD 1 Jq 7.332 2 316785 317909 958 32132
01 AO 1 Ji 8.356 2 264871 26671q 992 32457
31 AO 1 Jo 8.640 2 272130 270224 880 32876
A1 AD 1 Ji 9.415 24?9ut4 242259 712 33216
01 AO 1 JR 10.015 2 220756 221772 1638 33500
0l AO I Jb 12.06. 2 171713 178272 682 33106
Cl AD I JB 13.263 3 152911 152348 673 33250
01 AD I JB 14.046 2 1/7685 127b24 935 33511
01 Ao 1 Jb 15.177 2 127862 127709 769 33511
01 AD 1 JU 43.950 42008 353 33792
01 AD 1 J8 86.179 3 24461 24513 1037 1070 450 34204
01 AD I JS 170.000 3 13330 13519 3815 33100

02 AD 7 JO 0.396 2 183406 183005 451 30946
02 AD 7 Ji 1.045 2 21383 21251 588 31035
02 40 7 JA 2.163 2 7966 600 31035
02 AO 7 JO 3.039 2 4925 4831 589 31035
02 AD 7 JO 4.021 2 4837 5041 1179 31035
02 AD 7 JO 7.329 2 2487 2425 958 32132

12 AD 4 JB 0.400 2 58332 57983 451 30946
12 AD 4 J8 1.036 2 12607 12515 367 31035
12 AD 4 JO 2.159 2 6166 600 31035
12 AO 4 JO 3.042 2 3990 4027 589 31035
12 AD 4 JB 4.024 2 4399 4455 1179 31035
12 AD 4 Ji 7*326 2 2461 2428 958 32132

30 A0 1 JB 0.399 2 15929 15896 451 30946
30 AO 1 JO 1.040 2 7553 7439 588 31035
30 AD 1 JO 2.157 2 4244 600 31035
30 AD 1 JO 3.041 2 2833 2798 589 31035
30 AO I Jo 4.010 2 4007 3891 1179 31035
30 AO 1 JO 7.334 2 2394 2384 958 32132

31 AO I JO 7.535 2 1428592 1427755 )697 32846
31 AO 1 JO 8.370 2 1239504 1239322 992 32457
?1 AO 1 J 8.637 2 1248812 1247653 15810 15870 880 32876
31 AD 1 JO 9.205 2 1191399 1194004 26621 26166 712 33216
31 AD 1 JB 10.021 2 986177 989137 9450 1638 23500
31 AD I JO 12.083 2 854373 855168 191'47 19198 682 33106
31 AD 1 JO 13.265 3 732670 732558 10931 11112 673 33250
31 AO 1 JO 14.049 2 626479 6275u4 9380 9445 935 33511
31 AO 1 JO 15.179 2 609291 608449 15924 16049 769 33511
31 AD 1 JO 15.184 2 576235 578712 7875 7954 769 33511
31 AO 1 JO 15.187 2 616380 615311 6527 6452 769 33511
31 AD I JO 15.190 2 618380 615040 18343 769 33511
31 AD 1 JO 43.978 181148 353 33792
31 AD 1 JA 86.188 3 95389 95150 1871 1847 450 34204
31 AO 1 J8 170.000 3 43713 41776 3615 33100
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TAbLE D.2A ,,4(ORRECTD 4-PI IONIZATION CHAMBER RADIATION MEASUREMENTS (DATA)+

SAMPLE SIEVE WEIGHT AGE ACTIVITY AGE ACTIVITY 8KG STD
NUMBER (MESH)(GRAMSI IiAYS) (IA) (DAYS) (MA) (MAI (MA)

01 A0 2 7 1.8 4.052 230E- 9 40E-11 670E- 9 31
01 AO 2 12 1.9 4.052 56oE- 9 40E-11 670E- 9 J1
01 40 2 2. 2.8 4.052 425E- 9 40E-11 67OE- 9 J1
01 AC 2 42 2-6 4.052 222E- 9 40E-11 670E- 9 J1
01 A0 2 80 3.4 4.052 960E-10 40E-11 670E- 9 J1
01 A0 2 170 4.9 4.053 540E-10 40E-11 670E- 9 Ji
01 A0 2 250 2.1 4.054 200E-10 4OE-11 670E- 9 J3
01 A0 2 325 1.6 4.054 170E-10 40E-11 670E- 9 31
01 AO 2 5U0 1.7 4.C55 280E-10 40E-11 670E- 9 J1

01 AO 3 7 4.75 0.510 112E- 7 40E-11 665E- 9 J1
01 A0 3 12 3.05 0.510 125E- 7 40E-11 665E- 9 J1
01 A0 3 24 4.25 0.510 500E- 8 40E-11 665E- q J1
01 AO 3 8v 10.

4
11 0.510 560E- 8 40E-11 665E- 9 J1

01 A0 3 170 7.15 0.510 140E- 8 40E-11 665E- 9 J!
01 40 3 325 4.O 0.510 520E- q 40E-11 66SE- 9 .1
01 AO 3 •')O 3.du 0.510 520E- 9 40E-1I 665E- 9 J1

91 A04-5 7W 21.7 1.218 116E- 7 40E-11 665E- 9 J!
01 •04-5 12W 9.9 3.218 622E- A 40E-11 665E- 9 JI
01 A04-5 4W 9.4 1.219 420E- r AOE-11 665E- 9 J1
01 A04-5 f2W s.6 1,220 222E- 8 40E-11 665E- 9 J1
01 A04-5 8uW 12-5 1.221 225E- 8 40E-11 665E- 0 J1
01 A04-5 115W itu.2 1.221 225E- 8 40E-11 665E- 9 31
01 A04-5 170W 8.9 1.221 10OO- e 40E-11 665E- 9 J1
01 A04-5 250w 6.7 1.222 725E- Q 40E-11 665E- 9 J1
01 A04-5 ?25W 4.7 1.223 55BE- Q 40E-11 6655E- 9 .1
(! A04-5 40W 0.0318 2.846 175E-11 1.224 682E-11 40E-11 665E- 9 3l
01 A04-5 30W 0.0271 2.846 158E-11 1.225 610E-11 40E-11 665E- 9 J1
01 404-5 20W 0.0244 2.846 142E-11 1.229 485L-11 40E-11 665E- 9 31
01 104-5 loW c.0136 2.847 112E-11 1.230 325E-11 40E-11 665E- 9 J1
01 A04-5 5W 0.0101 2.847 80E-11 1.232 255E-11 40E-11 66SE- 9 J1
01 A04-5 3,X 0.0062 2.848 75E-l 1.23/ 180E-11 40L-11 665E- 4 J1
Cl A04-5 he 0.0027 2.848 60E-1) 2.324 75E-i1 40E-11 665E- 9 J1

1) A04-6-R 4W 7.79 1.102 825E-10 50E-11 668E- 9 .11
C2 A04-6-8 7h 2.2u 1.302 590E- 9 50E-11 668E- 9 J1
02 A04-6-8 !1W 3.72 1.30% 505F- o 50E-1U 66B5- 9 41
v2 A04-6-d 24W 4.9U 1.303 465E- 9 50E-11 668E- 9 J3
"n2 A04-6-q 42W 4.81 (.304 240E- 9 SOE-11 668E- 9 J1
02 A04-6-8 BOW 8.86 1.305 225E- Q 50E-11 668E- 9 J3
12 A04-6-0115W 7.71 1.3u5 130E- 9 50E-11 668E- 9 J1
02 AO4-6-017.W 6.70 1.306 945E-10 5OE-11 668E- 9 J3

A. 04-6-It25UW 5.38 1.308 765E-10 5OE-:1 668E- q .1
A 404-6-8325W 4.31 1.309 bOE-10 SOE-11 668E- 0 J1

02 A04-6-8 40W u.0'22 2.860 80E-11 1.30q 185E-11 40E-11 670E- 9 J1
02 A04-6-A 3uW u.U303 2.861 70E-11 1.310 180E-:1 40E-11 670E- 9 I1
02 A04-6-8 2:)W 0.0220 2.862 65L-!' 1.311 160E-11 4')-11 670E- 9 J1
02 A04-6-P lOw 0.0133 /.8I,3 58E-i1 1.31 135E-11 40E-l! 670E- 9 3l
02 A04-6-8 SW O.u0iý? 2.36' 50[-1' 1.31? 5OL-1 40E-11 670E- 4 J31
02 A04-6-8 IW (.004. 2.86" '%OE- 1 1.311 5-f-11 501-11 668E- 9 Jl
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TAfLF 0).2A UNCORRECTO 4-PI IONIZATION CHAMeER RADIATION MEASUREMENTS IOATA1E

SAMPLE '.IEVP WSIGHT AGC ACTIVITY AGE ACTIVITY 8KG STD
N•IMSER I4EýH)tGRAMS) (DAYS) (MA) (DAYS) (MAI (HAl (MAI

12 A0789 7W 1.15 1.295 230E- 9 40E-11 668E- 9 J112 A0789 12W 1.85 1,296 740E- 9 40E-1I 668E- 9 JI12 A0789 24W 2.35 1.297 250E- 9 40E-11 66*E- 9 Jl
12 e0789 42W 1.95 1.i-i8 23UE-.9 4CE-iI "SE- 9 J312 A0789 4Ow 2.86 1.299 892E-10 40E-11 66$E- 9 JA
12 A0789 1!5w 2.01 1.300 327E-10 40E-11 668E- 9 A312 40789 17Uw 1.65 1-301 235E-10 40E-11 66SE- 9 .31
12 A0789 Z50W 1.28 1.302 180E-10 40E-11 66SE- 9 JA
12 A0789 325w i.08 1.302 148E-10 40E-11 66$E- 9 J3
12 A0789 10w 0.0148 2.855 50E-I1 1.303 60E-11 40E-11 66SE- 9 A112 A0789 20W 0.0083 2.856 50E-11 1.304 60E-11 40E-11 670E- 9 J1
12 AC789 low 0.0063 2.85 45E-11 1.304 40E-11 A0E-., 670E- 9 J112 A?089 5,4 0.0042 2.857 40E-1i 1.304 40E-11 40E-11 670E- 9 J1
1 A0789 3w 0.0025 2.857 40E-1I 1.304 40E-11 40E-11 670E- 9 J1
12 ^0719 111 0.0006 2.857 4OE-11 1.304 40E-11 40E-11 670E- 9 Al

2' AO 4 7 0.5 2.385 178E- 8 40E-11 670E- 9 .lZ0 AO 4 12 0.25 2.385 165C-10 40E-11 670E- 9 .l1v V4 ; 24 0.20 2.186 395E-10 40E-11 670E- 9 Jl32G A0 4 42 0.13 2.386 258E-10 40E-11 670E- 9 J1
2', A0 4 80 0.20 2.387 205E-lO 40E-11 670E- 9 Jil20 40 4 170 0.68 2.387 150E-10 40E-11 670E- 9 .31
20 AO 4 325 1.92 2.388 95E-10 40E-1i 670E- 9 .31
20) AO 4 50V 1.50 2.388 58E-10 40E-11 67CE- 9 .l

20 AO 7 7 2.65 2.406 535E- 9 40E-11 670E- 9 .31
20 40 7 12 1.59 2.406 150E- 9 40E-11 b7OE- 9 .1
20 40 7 24 1.66 2.407 220E- 9 40E-11 67CE- 9 J120 50 7 42 1.71 2.407 131E- 9 40E-11 670E- 9 J1
20 40 7 90 1.70 2.408 180E- 9 40E-11 670E- 9 .120 A0 7 ITC 1.69 2.408 160E- 9 40E-11 670E- 9 .120 AO 7 325 2.82 2.409 10lE- 9 40E-11 670E- 9 .1
20 A0 7 500 3.13 2.400 98E- q 40E-11 670E- 9 .1

21 AO 1 7 2.969 415E- 9 A0E-11 670E- 9 .3121 40 1 12 2.969 960E- 9 40E-11 670E- 9 .121 AO 1 24 2.969 732E- 9 40E-11 670E- 9 .l21 A0 1 42 2.969 38SE- 9 40E-11 670E- 9 .3121 AO 1 80 2.970 168E- 9 40E-11 670E- 9 .l
21 A4 1 170 2.970 95E- 9 hOE-1l 670E- 9 .121 A4 1 250 2.970 348E-10 ACE-1i 670E- 9 .1
21 A4 1 325 2.971 292E-10 40E-I1 670E- 9 .1
21 AO 1 500 2.971 475E-10 AOE-11 670E- 9 .l
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TABLE D.2A UNCORRECTD 4-PI IONIZATION CHAMBER RADIATION MEASUREMENTS (DATA)+

SAMPLE SIEVE 4EIGHT AGE ACTIV!?Y ACC ACTIVITY 8K2 STD
NUMBER (MESH,(GRAMS) (DAYS) (MA) (DAYS) (NA) (MA) (MA)

30 AO2-8 7W 0.380 1.731 3502- 9 40E-11 6702- 9 JA
30 A02-8 12W 0.180 1.732 715E- 9 40E-11 670C- 9 Ji
30 A02-S 24W 0.09 1.732 633E- 9 40E-11 670E- 9 JA
30 A02-8 42W 0.080 1.732 243E- 9 40E-11 670E- 9 JI
30 A02-S 80W 0.330 1.732 220E- 9 40E-11 6702- 9 Ji
30 A02-8 115W 0.650 1.736 780E-10 4'jC-11 6?0E- 9 Jl
30 A02-8 170W 0.990 1.716 415E-10 40E-11 670E- 9 J1
30 A02-8 250w 1.370 1.736 280E-10 40E-11 670E- 9 Ji
30 A02-8 325W 1.600 1.736 215E-10 40E-11 6702- 9 Ji
30 A02-8 40W 0.0087 2.875 50E-11 1,739 60E-11 40E-11 6702- 9 JI
30 A02-8 1W 0.0028 2.876 48E-11 1.741 55E-11 40E-11 670E- 9 il

31 A0 5 7 0.0426 11.517 125E-11 35E-11 6722- 9 J1
31 AO 5 12 1.0505 11.517 6302- 9 35E-11 67ZE- V A1
31 AO 5 24 10.9673 11.517 6822- 8 352-11 6722- 9 A1
31 AO 5 42 9.3223 It51 52828- 8 35E-11 672E- 9 dl
31 AO 5 80 0.6179 11*519 338E- 9 352-11 672E- 9 d1
31 AO 5 170 0.7370 11.519 1?OE- 9 35E-11 672E- 9 dl
31 AO 5 325 0.1484 11.520 8182-10 35E-11 672E- 9 d1
31 AO 5 500 0.9811 11.520 415E-10 35E-11 672E- 9 J1

31 AO 8 7 0.0318 12.465 2082-11 45E-11 670E- 9 A1
31 A£ 8 12 1.4278 12.465 785E- 9 45E-11 6702- 9 dl
31 A£ 8 24 11.6259 12.466 6502- 8 45E-11 670E- 9 Jl
31 A£ 8 42 9.1250 12.466 460E- 8 45E-11 670E- 9 dl
31 AO 8 80 0.6132 12.466 282E- 9 45E-11 670E- 9 d1
31 AO 8 170 0.7079 12.468 805E-10 45E-11 670E- 9 Jl
31 AO 8 325 0.8565 12.468 472E-10 45E-11 670E- 9 Ji
31 A£ 3 500 0.5478 12.469 670E-10 40E-11 670E- 9 il

31 A05-8 7W 0.0620 12.584 45E-11 45E-11 670E- 9 J1
31 A05-8 12W 2.2153 12.584 112E- 8 452-11 670E- 9 Ji
31 A05-8 24W 21.0518 12.586 1302- 7 452-11 670E- 9 Jl
31 A05-8 42W 18.7045 12.587 600E- 8 45E-11 6702- 9 JI
31 A05-S SOW 1.2252 12.588 605E- 9 45E-11 670E- 9 dl
31 A05-8 170w 1.3958 12.586 1752- 9 45E-1: 670E- 9 Ji
31 A05-8 325W 1.1441 12.589 108E- 9 45E-11 6702- 9 Ji
31 A05-8 40W 0.0029 17.045 702-11 16.042 77E-11 42E-11 655E- 9 Jil
31 A05-8 30W OO.024 16.044 752-11 &2E-11 655E- 9 Ji
11 A05-a 20W 0.0016 16.045 72E-11 42E-11 655E- 9 Ji
31 A05-S IOW 0.0010 16.045 652-11 42E-11 6552- 9 J1
31 A05-8 5W 0.0006 16.046 63E-11 42E-11 655E- 9 J1
31 A05-8 3W 040004 16.047 58E-11 42E-11 6552- 9 J1
31 A05-8 1W 0.0004 16.048 55-11 422-11 6552- 9 Jt
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TAýLk ".2b UNCORRECTtU 4-P1 IONILATION CHAMtFR RADIAliON MEASUREMENTS (DECAY)+

SAMPLE SIEVE WEIGHT AGE ACTIVITY BKG STD
NUM13ER ()MSH)(GRAMS) (DAYS) (MA) (MA) (MA)

01 AO 2 7 1.8 0.541 340E- 8 40E-11 670E- 9
01 A0 2 7 1.8 1.093 188E- 8 40E-11 668E- 9 JA
01 A0 2 7 1.8 1.938 875E- 9 40E-11 670E- 9 JA

01 A0 2 7 1.8 2.499 568E- 1 40E-11 670E- 9 Jil
01 A0 2 7 18 4.052 230E- 9 40E-11 670E- 9 Ji
0! A0 2 7 1.8 4.250 210E- 9 40E-11 670E- 7 Ji
01 AO 2 7 1.8 4.951 163E- 9 40E-11 670E- 9 J1
01 AO 2 7 1.8 5.471 150E- 9 40E-11 670E- 9 Ji
01 A0 2 7 1.8 5.961 130E- 9 40E-1I 670E- 9 JI
01 A0 2 7 1.8 7.963 932E-10 40E-11 670E- 9 J1
01 AO 2 7 1.8 11.924 615E-10 40E-11 670E- 9 Jl
01 A0 2 7 1.8 13.941 525E-10 50E-!1 665E- 9 J1
01 A0 2 7 1.8 18.039 42?E-10 40E-11 670E- 9 J1
01 A0 2 7 1.8 26.979 310E-10 40E-11 692E- 9
01 A0 2 7 1.8 29.975 285E-10 40E-I1 692E- 9 J1
01 AO 2 7 1.8 34.013 260E-10 40E-11 692E- 9 Ji
01 AO 2 I 1.8 37.007 248E-10 40E-11 690E- 9
01 AO 2 7 1.8 40.983 228E-10 40E-11 695E- 9 J1
O1 A0 2 7 1.8 43.970 210E-10 40E-11 680E- 9 Ji
01 A0 2 7 1.8 )1.053 180E-10 30E-11 680E- 9 Ji
01 AO 2 7 1.8 57.133 160E-10 40E-11 665E- 9 Jil
01 A0 2 7 1.8 71.052 140E-lC 40E-11 675E- 9 J1
01 A0 2 7 1.8 79.012 130E-10 40E-.1 760E- 9 J1
01 A0 2 7 1.8 83.159 11SE-10 30E-11 666E- 9 J1
01 40 2 7 1.8 101.156 102E-10 40E-11 670E- 9 Ji

01 A0 2 7 1.8 143.080 710E-11 35E-11 660E- 9 Ji

01 AO 2 7 1.8 221.908 355E-11 40E-11 670E- 9 J1

01 A0 2 12 1.9 0.541 670E- 8 40E-11 670E- 9 J1

01 AO 2 12 1.9 1.093 370E- 8 40E-11 A68E- 9 J1
01 AO 2 12 1.9 1.938 185E- 8 40E-11 670E- 9 Jil

01 A0 2 12 1.9 2.499 145E- 8 40E-11 670E- 9 J1
01 Ao 2 12 1.9 4.052 560E- 9 40E-11 670E- 9 Ji

01 AO 2 12 1.9 4.250 512F- 9 40E-11 670E- 9 Jl

01 AU 2 12 1.9 4.952 400E- 9 40E-11 670E- 9 Jl

01 AO 2 12 1.9 5.471 355E- 9 40E-11 670E- 9 Ji

01 A0 2 12 1.9 5.961 315E- 9 40E-11 670E- 9 Ji

01 AO 2 12 1.9 7.963 223E- 9 40E-11 670E- 9 Ji

01 A0 2 12 1.9 11.927 155E- 9 40E-11 670E- 9 Ji

01 A0 2 12 1.9 13.941 140E- 9 SOE-11 665E- 9 Jl
01 AO 2 12 1.) 19.039 lZE- 9 40E-11 670E- 9 Ji

01 AO 2 12 1.9 19.956 lOOE- 9 40E-11 670E- 9 Ji

01 AO 2 12 1.9 26.992 850E-10 40E-11 692E- 9 Ji

01 Ao 2 12 1.9 29.976 790E-10 40E-11 692E- 9 J1
O: AO 2 12 1.9 34.013 720E-10 40E-11 692E- 9 Ji

01 AO 2 12 1.9 37.008 682E-10 40E-11 690E- 9 Ji
Ol AO 2 12 1.9 40.983 640E-10 40E-11 695E- 9 Ji

01 AO 2 12 1.9 43.971 595E-10 40E-11 680E- 9 Jil

01 A0 2 12 1.9 51.052 525E-10 30E-11 680E- 9 J1
01 AO 2 12 1.9 57.134 480E-10 4DE-11 665E- 9 Jl
01 A0 2 12 1.9 71.052 415E-10 40E-1l 675E- 9 JI
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t:.*L• eiZ' ý:%COPO)•CI•') 4-Lpi ION/ATiO-4 rHA'4oSr? :.n!ATIQN MCA-UREMENT$ (DECAY)-

pL ,1 V Wý I.T AGE AC'JVITY BKG STOjU E5.)•}• I AY 5) (VA) (MAI (MAI

AC / !2 !.q 79.013 390k-10 40E-11 760E- 9 JA4) 40 2 12 1.9 8%160 354E-I0 30E-11 "66E- 9 J1'1 40 2 1' 1.9 lul.156 310E-10 40E-11 670E- 9 A)*I AO 2 12 1.9 143.080 210E-10 35E-11 660E- 9 J.'Il At 2 12 1.9 221.908 110E-1o 40E-11 670E- 9 A20! 4O 2 24 2.8 0.541 535E- 8 40E-11 670E- 9 J101 AO 2 24 2.8 1.093 291E- 8 40E-11 668E- 9 J101 A^ 24 2.8 1.938 145E- 8 40E-11 670E- 9 Jl01 A8 2 24 2.8 2.499 991E- 9 40E-11 670E- 9 J101 AO 2 24 2.8 4.052 425E- 9 40E-11 670E- 9 J;40 2 24 2.8 4.250 388E- 9 40E-11 670E- 9 i1C1 AO 2 24 2.s 4-.53 303E- 9 40E-11 670E- 9 11(WI AO 2 24 2.R 5.471 270E- 9 40E-11 670E- 9 1101 •O 2 24 Z.8 5.962 240k- 9 40E-11 670E- 9 -201AO 2 24 2.8 1.963 162E- 9 40E-11 670E- 9 J,f1l AO 2 24 2.8 11.927 118E- 9 40E-11 670E- 9 41
01 AO 2 24 2.8 13.941 105E- 9 50E-11 665E- 9 J401 AO 2 24 2.8 18.040 837E-10 40E-11 670E- 9 Ji01 AO 2 24 2.8 19.956 780E-10 40E-11 670E- 9 J1c0 AO 2 24 2.8 26.992 648E-10 40E-11 692E- 9 J10I AO 2 24 2.8 29.977 600E-10 40E-11 692E- 9 JA01 AO 2 24 2.8 34.014 550E-In 40E-11 692E- 9 J101 AO 2 24 7.8 37.008 515E-10 40E-11 690E- 9 Ji01 AO 2 24 2.8 40.984 480E-10 40E-11 695E- 9 419) AO 2 24 2.8 43.972 450E-10 40E-11 650E- 9 4101 AO 2 24 2.8 51.052 400E-10 30E-11 680E- 9 Jl01 AO 2 ?4 2.8 57.135 362E-10 40E-11 665E- 9 A101 AO 2 24 2.8 71.053 112E-10 40E-11 675E- 9 A101 AO 2 24 2.8 79.013 290E-10 40E-11 760E- 9 J101 AO 2 24 2.8 83.161 268E-10 30E-11 666E- 9 J101 AO 2 24 2.8 101.156 238E-13 40E-11 670E- 9 Ji01 AO 2 24 2.8 143.080 160E-10 35E-11 660E- 9 4l01 AO 2 24 2.8 221.908 810E-11 40E-11 670E- 9 Al

01 AO 2 42 2.6 0*541 290E- 8 40E-11 670E- 9 A101 AO 2 42 2.6 1.093 160E- 8 40E-11 668E- 9 j1(1 AO 2 42 2.6 1.938 780E- 9 40E-11 670E- 9 A101 AO 2 42 2.6 2.500 519E- 9 40E-11 670E- 9 J101 AO 2 42 2.6 4.052 222E- 9 40E-11 670E- 9 J!01 AO 2 42 2.6 4.251 205E- 9 40E-11 670E- 9 J101 AO 2 42 2.6 4.954 158E- 9 40E-11 670E- 9 J101 AO 2 't2 2.6 5.471 140E- 9 40E-11 670E- 9 1101 AO 2 42 2.6 5.963 128E- 9 40E-11 670E- 9 J101 AO 2 42 2.6 7.964 910E-10 40E-11 670E- 9 J101 AO 2 42 2.6 11.927 615E-10 40E-11 670E- 9 J101 AO 2 42 2.6 13.941 538E-10 50E-11 665E- 9 ji01 AO 2 42 2.6 18.041 438E-10 40E-11 67uE- 9 J!01 AO 2 42 2.6 19.958 410E-10 40E-11 670E- 9 4101 AO 2 42 2.6 26.993 3-.OE-10 40E-11 692E- 9 4101 AO 2 42 2*6 29*978 312E-10 40E-11 692E- 9 4101 AO 2 42 2.6 34.015 290E-10 ')0E-11 692E- 9 J1
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TAIL' 0.2- UN(OR8QCrTO) '-Pl IONIZATION CHAMteR PAOIAT'CN MEASUREMENTS (DECAY)*

SAMPLE SIEV, ,•!EIGmT AGE ATIVITY 5KG STD
NUMBER IMESH)(GRAM,! (0AysI .MA) (MAI (MAI

il AC 2 42 2.6 37.0Oo 275E-'O 4GE-l1 690E- 9 Ji
Cl AO 2 42 2.6 40.984 ;60k-lO 40E-11 695E- 9 Ji
01 AO 2 42 2.6 43.972 40E-10 4CE-11 680E- 9 JA
.1 Ao 2 42 2.6 51.050 ?106-10 30E-11 680E- 9 JA"I1 AO 2 42 2.6 57.135 295E-10 40E-il 665E- 9 4l
01 AO 2 42 2.6 71.054 168E-10 40E-1i 675E- 9 JI
'I AO 2 42 ?.6 70.015 160E-10 4CE-1I 760E- ; A
Cl AC 2 42 2.6 83.162 l-hE-lo 11Fl-11 666E- 9 J1
ul Ac 2 '7 ,.6 101.156 ?O3E-lA 40E-l3 670E- 9 4A
.I AO 2 42 .6 141%080 6%OE-11 35c-11 660E- 9 J!
Cl AO 2 42 2.6 -*!.912 435E-11 40E-11 670E- 9 A1

1 40 2 h 3.4 0.541 135L- P 40E-l 670E- 9 J,
vl AD 2 8v 4.4 1.043 710c- 9 4L-1• 668E- 9 A
j! 40 2 So 3.4 i.938 345L- 9 40E-11 o7OE- 9 Jil
01 AO 2 $4 c' 7.5-100 226[- i 40E-Il 670E- 9 Jl
01 AO 2 A' 3.4 4.052 969E-!^ 4CE-11 670E- 9 Jil
U1 A0 2 8-; 1.4 4.251 880E-IC 40E-I1 670E- 9 4l
01 A0 2 80 3.4 4.955 685E-10 40E-11 670E- Q J!
01AO 2 80 3.4 5.472 602E-10 40E-1l 670E- 9 Jl
01 AO 2 8at 3.4 5.963 533E-IC 40E-11 670E- I J!
,.l AO 2 8 2.4 7.964 380E-10 40E-I 670- ^ J
01 AO 2 3.) 2.4 11.928 260E-10 4GE-il 670E- 9 4l
01 A0 2 80 3.' 11.942 ZZ5E-I0 50E-f1 665E- 9 J!
Ul AO 2 8f o.4 15.042 189E-IC 4C:-Il 670E- 9 J:

AC 2 80 3.4 10.958 172E-I 0OF-ll 6705- 9
01 Ac 2 80 2.4 27.034 150E-In 40E-il 692E- 9 jl

A1 AC 2 8- 3.4 29.978 138E-10 40E-l1 692E- 9 J!
.1 AO 2 ' 3.'o 3u.015 130E-10 40E-11 692E- 9 41"1 40 2 80 ?.4 37.010 122E-10 ACE-11 690C- 9 A1
C1 AC 2 80 3.4 40.985 112E-10 40E-li 695E- 9 j.
01 AC 2 80 3.4 43.973 110E-10 A0E-li 680E- 9 X.
01 AD 7 80 3.4 51.045 960E-11 lO-11 680E- 9 J:
01AC 2 80 3.4 57.137 860E-11 AcE-li 665E- I J!
VI AC 2 8U 3.4 71.055 738E-11 40E-11 67!E- 9 1.
t'! A0 2 tu 3.4 7V.016 690E-11 40E-I 760E- 9 11
01 A3 2 8v 3.'. 83.164 6455-11 3CE-11 666E- 9 41
0l AC 2 80 3.4 101.156 575i-11 40E-l1 670E- 9 4l
01 AC 2 80 3.4 143.080 390t-11 35E-11 660E- 9 41
01 AC 2 80 3.4 221.912 240E-11 40E-il 670E- 9 J.

Q1 AC 2 170 4.9 0.541 795E- 9 40E-1i 670E- 9 41
L1 AC 2 170 4.Q 1.093 '.1O0- 0 ACE-1I 668E- 9 41
0I AC 2 170 4.9 ;.938 193E- 9 40E-I1 670E- 9 J4
01 AC 2 170 4.9 Z.5O 13CE- 9 4CE-il 67CE- 9 41
01 AC 2 170 4.9 4.,.53 54OE-10 ACE-Il 670E- 9 J1
01 AC 2 170 '.9 4.251 A98E-10 40E-1i 670E- 9 4l
01 AC 2 170 4.9 4.955 ibSE-iC 4CE-li 670E- 9 Jl
01 AC 2 170 A.9 5.472 34,E-10 40CE-i 670E- 9 4i
(W1 AC 2 170 4.4 5.964 305E-10 40E-il 670E- 9 Jl
'1 AC 2 17U 4.9 7.964 218E-10 40E-11 670E- 9 41
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T5iLE D.29 UNCORRECTED 4-PI IONIZATION CHAMBER RADIATION MEASUREMENTS (DECAY)+

SAMPLE SIEVE WEIGHT AGE ACTIVITY BKG STD

NUMBER (MESH)I6I(K.4! (DAYS) (MAI (MAI (IMAI

01 AD 2 170 4.9 11.929 ISOE-10 A0E-11 670E- 9 Jil

01 AO z lu l or 130942 1j3E-!O SOE-11 665E- 9 Ji

01 AC 2 170 4.9 18.042 10SE-10 40E-11 67OE- 9 Jil
01 AC 2 170 4.9 1Q.958 lOnE-iC 4GE-11 670E- 9 Jil

01 AO 2 170 4.9 27.035 830E-11 40C-11 692E- 9 Ji

01 AO 2 170 4.9 29.900 790E-11 40E-11 692E- 9 Ji

01 AC 2 170 4.9 3-.015 730E-11 40E-1 692E- 9 JA

01 A£ 2 170 4.9 37.013 68E-11 401E-11 690E- 9 Ji

01 AC 2 170 4.9 40.988 635E-11 40E-11 695E- 9 Ji

01 AC 2 170 4.9 43.975 610E-11 680E- 9 JI

01 AC 2 170 4.9 51.044 530E-11 30E-11 680E- 9 Al

01 AC 2 170 4.9 57.138 492E-11 40E-11 665E- 9 J1
OQ AC 2 170 4.9 71.056 4OOE-li A0E-11 675E- 9 J1

01 AC 2 173 4.9 79.018 395E-11 40E-11 760E- 9 Jl

31 AC 2 170 4.9 83.165 370E-11 30E-11 666E- 9 J1
01 AC 2 170 4.9 101.156 3SCE-11 40E-11 670E- 9 Jl

01 40 2 170 4.9 143.080 730E-11 35E-11 660E- 0 Jl
01 AC 2 170 4.9 Z21.914 205E-11 40E-11 67OE- 9 Jl

A• 2 250 2.1 0.541 290E- 9 40E-11 670E- 9 Jl

01 AO 2 250 2.1 1.093 150E- 9 40E-11 66SE- 9 J1
01 AO 2 230 2.1 1.938 710E-i0 40CE-1 6lOE- 9 Jl

O1 AO 2 2!0 2.1 2.t•0 469E-10 40E-11 670E- 9 J1

ul AO 2 25u 2.1 4.054 200E-10 40E-11 670E- 9 JI
01 AC 2 250 2.1 4.252 190E-10 40C-11 670E- Q J1

Ol 40 2 250 2-1 4.955 14SE-10 40E-11 670E- 9 .1

Cl AC 2 250 2.1 5.472 !3SE-10 40E-11 670E- 9 J3

0l AC 2 2'0 2.1 5.964 12OF-IC 40E-i1 670E- 9 J1

01 AO 2 250 2.1 7.965 8ft-16 40E-11 670E- 9 .l

01 AD 2 250 2.1 11.930 615E-11 40E-1 670E- 9 Ji

01 A0 2 250 2.1 13.943 550E-11 SCE-11 665E- 9 Ji

01 AC 2 250 2.1 18.043 442E-11 40E-11 610E- 9 Jl

0l AO 2 250 2.i 19.961 4300-11 4aE-11 670E- 9 Ji

0l AO 2 250 2.1 77.038 320E-11 4CE-11 692E- 9 .1

01 AD 2 ?50 ZI 29.980 290E-11 A0E-11 692E- 9 J1

01 AC 2 250 2.1 34.021 295E-11 40E-11 692E- 9 Ji

01 AC 2 250 2.1 37.015 27SE-!l 40E-21 690E- 9 i1

01 AC 2 250 2.1 40.991 260E-11 4AE-11 695E- 9 J1

01 AO 2 250 2.1 43.977 2655E-11 4E-I1 63SE- 9 J1

01 AO 2 250 2-1 51.041 213E-11 30E-11 680E- 9 J.3

01 AO 2 250 2.1 57.139 220E-11 4AE-11 645E- 9 j!

01 AC 2 250 2.1 71.057 195E-11 40E-11 67SE- 9 J1

01 AO 2 250 2.1 79.019 180E-11 40E-11 760E- 9 J1

01 AC 2 250 2.1 83.167 ISSE-11 30E-II 666E- 9 J1

01 AC 250 2.1 101.156 150E-11 40E-11 670E- 9 i1

0l AC 2 250 2.1 143.060 IOCE-11 35E-11 660E- 9 J1

01 AO 2 250 2.1 221.915 105E-11 40E-11 670E- 9 .1

0l AO 2 325 1.6 0.541 238E- 9 40E-11 670E- 9 Ji

Cl AO 2 325 1.6 1.09' 12?E- 0 4CE-11 6681E- 9 Ji

01 AC 2 325 1.6 1.941 580-1-0 40E-11 670E- 9 Ji
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TABLE 1.21 UNCORRtCTEO 4-PI IONIZATION CHAM8ER RADIATION MEASUREMENTS IDECAY)+

SAMPLE SIEVE wEIGHT AGE ACTIVITY BKG STD

NUMBER (MESH~FGRAMSI (OAYS) (MA) (MA) (MA)

01 AO 2 325 1.6 2.501 j88E-10 40E-11 670E- 9 41

01 AO 2 325 1.6 4#U54 170E-10 40E-11 610E- 9 41

01 AO 2 325 1.6 4.252 160E-10 40E-11 670E- 9 41

01 AD 2 325 1.6 4.956 124E-10 40E-11 670E- 9 41

01 AO 2 325 1.6 S#475 115E-10 40E-11 670E- 9 41

01 AO 2 325 1.6 5.964 102E-10 40E-11 670E- 9 41

01 A0 2 325 1.6 7.967 762E-11 40E-11 670E- 9 i1

01 A0 2 325 1.6 11.930 535E-11 40E-11 670E- 9 ..

01 AO 2 325 1.6 13.944 470E-11 50E-11 665E- 9 41

01 AO 2 325 1.6 18,045 365E-11 40E-11 670E- 9 41

01 A0 2 325 1.6 19.961 345E-11 40E-11 670E- 9 41

01 A4 2 325 1.6 27.038 29GE-11 40E-11 692E- 9 41

01 AO 2 325 1.b 29.981 268E-11 40E-11 692E- 9 41
ul AU 2 325 1.6 34.u22 750E-11 40E-11 692E- 9 41

01 A0 2 325 1.6 37.017 235E-11 40E-11 690E- 9 41

01 AO 2 325 1.6 40.993 220E-11 40E-11 695E- 9 41

01 A4 2 325 1.6 430'79 225E-11 40E-11 680E- 9 41

01 A4 2 325 1.6 51.041 180E-11 30E-11 680E- 9 41

01 A0 2 325 1.6 57.139 170E-11 40E-11 665E- 9 41

01 AO 2 3,5 1.6 71.059 150E-11 40E-11 675E- 0 41
01 AO 2 125 1.6 79.019 140E-11 40E-11 760E- 9 41

01 O 2 325 1.6 83.168 130E-11 30E-11 666E- 9 41

01 A4 2 325 1.6 101.156 135E-11 40E-11 670E- 9 41

01 A4 2 325 1.6 143.080 90E-i1 35E-11 660E- 9 41

01 AO 2 325 1.6 22..916 85C-.1 40E-11 670E- 9 4i

01 A0 ? 500 1.7 0.541 385E- 9 40E-11 670E- 9 41

01 AC 2 500 1.7 1.093 200E- 9 40E-11 668E- 9 41

01 A0 2 500 1.1 1.941 95ZE-10 40E-11 670E- 9 41

01 A0 2 500 1.7 2.502 631E-10 40E-11 670E- 9 4l

01 AO 2 500 1.7 4.055 280E-10 ýOE-1I 670E- 9 i1

ol A4 2 500 1.7 4.252 260E-10 40E-11 670E- 9 41

01 AO 2 500 1.7 4.956 208E-10 40E-11 670E- 9 41

01 AO 2 500 1.7 5.475 190E-10 40E-11 670E- 9 41

01 AO 2 500 1.7 5.965 170E-10 40E-11 670E- 9 J1

01 A4 2 500 .7 7.967 12OE-10 40E-11 670E- 9 41

01 A4 2 500 1.7 11.931 80E-10 40E-11 670E- 9 41

01 A0 2 500 1.7 13.945 720E-)1 SOE-11 665E- 9 41

01 A0 2 500 1.7 18.047 580E-11 40E-11 670E- 9 41

01 A4 2 500 1.7 19.9.1 5lOE-11 40E-11 670E- 9 41

01 A0 2 500 1.7 27.041 420E-1' 40E-11 692E- 9 41

Cl AO 2 500 1.7 29-982 385E-11 40E-11 692E- 9 41

01 AO 2 500 1.7 34.025 37CE-11 40E-11 692E- 9 41

01 AD 2 500 1.7 37.019 335E-11 40E-11 690E- 9 41

01AO A 50t 1.7 40.995 320E-11 40E-11 695E- 9 41

01 AO 2 500 1.7 51.039 263E-13 JOE-11 650E- 9 41

01 AO 2 500 1.7 57.142 230E-11 40F-11 665E- 9 41

01 A0 2 500 1.7 71.060 19OE-11 40E-11 675E- 9 41

01 A0 2 500 1.7 79.021 190E-11 40E-11 760E- 9 ;1

Cl AO 2 500 1.7 33.170 180E-11 30E-11 666E- 9 J1

01 40 2 530 1.7 101.156 170E-11 40E-11. 670E- 9 41

01 A0 2 50 1,7 143.080 IIOE-11 35E-11 660E- 9 J1

01 AO 2 500 1.7 221.916 80E-11 &OE-11 670E- 9 41
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TABLE D.28 UNCORRECTED 4-PI IONIZATION CHAMBER RADIATION MEASUREMENTS (DECAY)+

SAMPLE 3ILVE wEIGHT AGE ACTIVITY 8KG STD

NUMBER (MISH)IGRAM5) (DAYS) (MA) (MA) (MA)

31 AO 4A 23o5185 221.920 515E- 9 40E-11 6?OE- 9 J1
31 AO 4A 23.5185 143.080 05E- G 35E-11 660E- Q J1
31 AD LA 23.5185 101.156 158E- 8 40E-11 670E- 9 JA
31 AO 4A 23.5185 83.151 180E- 8 ?7E-11 666E- 9 J1
31 AD 4A 23.5185 79.003 200E- e 40E-11 760E- 9 J1
31 AO 4A 23Mb185 71.049 220E- 8 40E-11 675E- 9 JA
31 AD 4A 23.5185 57.125 265E- 8 40E-11 665E- 9 Ji
31 AO 4A 23.51d5 51.075 30CE- 8 30E-11 680E- 9 JA
31 AD 4A 23.5185 43.981 350E- 8 40E-11 680E- 9 J1
31 AD LA 23.5185 40.996 385E- 8 40E-11 695E- 9 JA
31 AO 4A 23.5185 37.021 425E- 8 40E-11 690E- 9 JA

31 AD 4A 23.5185 34.027 460E- 8 40E-11 692E- 9 J1
31 AO 4A 23.5185 29.971 510E- 8 40E-1- 692E- 9 JA
31 AO 4A 23.5185 26.986 570E- 8 40E-11 692E- 9 JA

31 AD LA 23.5185 19.951 715E- 8 40E-11 570E- 9 J1

31 AD 4A 23.5185 18.038 778E- 8 40E-11 610E- 9 JA

31 AO 4A 23.5185 13.962 970E- 8 50E-11 665E- 9 Ji

31 AD 4A 23.5185 11.929 116E- 7 40E-11 670E- 9 Ji

31 AD LA 23.5185 10.269 142E- 7 40E-11 670E- 9 JA

31 AD 48 1.U008 10.269 569E- 9 40E-11 670E- 9 Ji

31 AD 48 1.0008 11.938 490E- 9 40E-11 670E- 9 J1

31 AD 40 1.0008 13.963 420E- 9 50E-11 665E- 9 JA

31 AO 48 1.0008 18.034 327E- 9 40E-11 670E- 9 Ji

31 AD 48 1.0008 19.948 290E- 9 40E-11 670E- 9 J1

31 AD 48 1.0008 26.981 228E- 9 40E-11 692E- 9 JA

31 AD 4B 1.0008 29.972 205E- 9 40E-11 692E- 9 JA

31 AD 48 1.0008 34.028 190E- 9 40E-11 692E- 9 Ji

31 10 '8 1.0008 37.021 172E- 9 40C-11 690E- 9 JA

31 AD 4B 1.0008 40.997 160E- 9 40E-11 695E- 9 Ji

ý1 AD 4B 1.0l08 51.076 l17E- 9 30E-11 680E- 9 J1

31 A,- 40 1.0008 57.126 108E- 9 40E-I1 665E- 9 Ji

31 AD 4B 1.00U8 71.049 855E-10 40E-11 675E- 9 J1

31 AD 40 1.0008 79.005 775E-10 40E-11 760E- 9 J1

31 AD 48 1.0008 83.152 700E-10 30E-11 666E 9 d1

31 AD 4B 1.0008 101.156 610E-10 40E-11 670E- 9 J1

31 AD 48 1.0008 143-080 390E-10 35E-11 660E- 9 d1

31 AD 46 1.,008 221.920 198E-10 40E-11 670E- 9 J1
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